
2002 303(d) List Update 
Reference #3 0 

Cby 1 4 .  2001 
P.0,  80% 6 
6ay33.de, California '35524 

Tn Californxa. Regioml !dater Quality Control Board 
in regards to 303 (d) Liating for  3acaby Creek 

Dear Board Ilsrabers and Staff , 
f have lived in the Jaccby Creel; watew3hcd fo r  16 years. not 

lanq by old-tine~a' atandaxcis, but lo~hg enough t o  lovo k h i s  place 
sllil to becone familiar with its s t o r i e s .  I have seen clegrads.t.ion of 
Jacoby Creek in thsae yeara myself, and psst accounts of the 
wtarahed illustrate how Fmpaircd this creek h s  become over the 
dccatics. 

I hs.ve seen an increase in both pr ivate/  residsnt.ia1 and 
logjirq  road^, an increase in logging intensity and n9w homes, and 
decreased vegetative cover in many area3, a l l  addirq up t o  more 
pressures on the watershed and on water quality. 

Jacoby Creek watershed is part of the Eureka Pla.in H~ydrologic 
I W a r  the Basin Pls.11, the be l~ef ic ia l  irses of water and mtor 
q.~alif,y ob jec t ives  are not being uet. Historic.al and current lalld 
avalmgenrent practic;tlu HLe ttclvarsely impacting usealvaluss such as 
agricultural irrigation, doxestic water supplies, ~alnonid rishcwiw 
b3.blUtt, rare and endangered species ImlriCaL will viability, 
ahellt  i3h prcduction, and estuary b b i t a t  quality, due t 0  
3edIBeutation and increased I l ood i~ lg ,  Blolc\gioal  s,nd p r q w  l y  
-mlues are being significantly diruinished i n  the mtershed Es3 3 
resul t  or lncreascd sediruent loading e.rd result lng sedintentatian. 

Jacoby Creek i s  an integral part rjf the Humholldt 8617 
scosysteu. The wetland st the nouth or the creek represents one of  
the feu renulants of salt marsh h a b i t s t  reminhsg 111 the bay, and is 
one of five unit3 in the  Hwnboldt Bay National WiLdllts Netlye. 
t i ~ m b o l d t  Bay a t  Jacoby Creek' has suffered a loss of wetlands awl 
cst,u~ries from sedirnentat.ion, and reduced fisheries ( 'Aittle. 1 Y Y S  1 .  
The two other l & q e  tributarim t o  Hunibcrldt Bay, FreshWt.er Creek 
and Elk River, are listed as 303(d) impaired: we urge yau t o  
1nc.lude Jacoby Creek as well. 

thny skudie3 and research have been done in the traterahed, 
kas t  of which are either included herein or referenced. Ii11ch Of 
t.he included literature prov~des st1 excellent overvrew of the 
mt~rshed and of impacts, e .  q .  V ~ m e r  1980, 1959. 1998; Tuttle, 
1985; Francis, 1933. Also included in this pe t i t i n11  8re 
residents' n e w  of the wat~rshed and i ts  status,  eit.hcr as let , ter? 
nr on the acconpmying videotape. A cuuparison of 1368, 1994 alsd 
?nnn H R ~ - 1 ~ 1  phntc~s (available on request) also reflect s a ~ e  or' t,ha 
changes and increased activity i n  the watershed. 

Tt: IIRM t.n he t.hat a s toru of 1 inch of  rhin in the Jacoby 
Greek valley (perhaps 2 inches a t  the ridges) tms not a big event 
for the creek S11ch A 3 ~ ~ 1 1  auaw~t of r a i n f a l l  notJ f recpently 
cause3 the creek to flood. such as at the bridge a t  Old Arcata Road 
(documet~tati in f.h~. r f i i l ~ r i  end residents' acco~ul t s )  . Jacobp Creek and 
rt-3 tributaries frequently run thick g.nd brown with sediwnt . .  The 
~rrnnipanyinrf p b n t n ~ .  v i r l ~ n t . ~ r t ~ !  finrl hrwi r - ~ ~ i i f ~ . ? l t . 9 '  ar.r.nlant.3 ~ t . t . e s t  t o  
~ n c x e s . s d  flooding and sedimentwtion in the watershed. 



Xlt.horyh I~6ny in lover Jacoby Creek 0 b t ~ l f i  their  Water fr011l 
the Had River -ria the City of Arcata, both agricultural and donc3tiC 
m f - r . l -  axe still dr.s.ml out of the creak. Robert Wumer's 1946 "Lallg 
Term Improvement of the Jacaby Creek Watershed" identifies 26 water 
~rrtakes 111 IIDPRT Jacoby Creek: some intakes  my serve mutiple 
households. A l s o ,  many families ge t  their we.ter from t r ibutar ies .  
Sedimentation arid i n c r ~ a s e d  f looding diuinishes these benefic ial  
uses. A farrier below the Old Arcata Road bridge pointed out 9 
lnchea of sediment ~ t ~ ~ r v n l ~ n d i ~ i g  his well. and five fee t  Of sedimeut 
rn h i $  veil; Rex Uixon's l e t t e r  docments problenrs with his 
family' s ?,re11 a t  high mtsr. 

Jacoby Creek Road runs close to the creek--soiaetimas within 
hwenty f get--for abaut three m.i.le.cc he~ond the South Quarry Road fork 
wt.il i t  terminates a t  Barnurn Timber's quarry, Culvert failures, 
which of  tell del iver  swliuent t o  t.he C ~ E R ~ ,  are  common along the 
road. Hl.W~oldt, County recently replaced a failed culvert near 
Jacoby Creel; Roud mile 1.6. On Jacoby Creek RfieA. where a mlvert 
was replaced several years ago, one can still see loads of sediment 
i l k  the arc& t h a t  arc poised t o  enter the creek. Erieh ?chimps' 
l e t t e r ,  attached, at tests  t o  his ~ f f o r t s  t o  stabilize some of this 
3 edlraen t . 

Eoads are widely recognized as po t en t i a l  contributors of 
serliaef11 Lo a ~mterbhed due t o  road failures wj erosxon. 
Ca.Lcl.llations by Doug Smith (included electrorsically) f ran California. 
ttcpatLlueut of F o r e s t r y ,  Coast Cascade, G I s ,  identify a total ol  
z~lxty-two miles of rmds in the Jacoby Creek watershed, mny of 
those close t o  3Lr  ~uma; th i s  doe3 not include a l l  sea so^^ roads. 

Jacoby Creek has heen blessed with c m s l a l  cutthroat and . 

steelhe8.d t.rout, chinook mu1 coho salaoa; ntuasroua papers w i t h  
fisheries i u f ~ r m t i o n  are included for your review. People tell 
storle3 of  fish sa thick t l ~ L  you couLd "walk acro33 the creek on 
their backs". The Arcata Union (12 January 1889) reported "almon 
i.11 great  nunhers have Dee11 finding Llleir wuy t r am the  bay into 
Jacoby Creek f a r  s. week or more past.  The f i s h  are in search of 
their spakmirq grotuldt?, &&XI are bel lq captured by the boatload near 
t.he nouth of the creek? Yet T~erry Roelofa. H W o l d t  S t a t e  
Univsr3ity fisheries profes3or,  niked several miles ul Jacobp Creek 
In January 1987 and sa.w not one coha (persotla1 communicatian) . 
.- Higgizls, e t  a l ,  Humholdt Chapter of tne Auericnn Flsheriea 
society, 1932, identifias Humbcildt Bay tributaries' f a l l  race of 
chinook sel~ilon aa a t  high r i s k  of extinction, md coho as a stuck of 
concern. A3 you axe well  aware, coha are  l i s ted  under the 
Endangered Species A c t .  It i s  our belief that sedimellt impacts u e !  

reducinly habitat; qualiiies for  coha a d  other salmonids in Jacoby 
Creak. 

S ig l e r ,  e t  a1 (1984), co&ludas that "as l i t t l e  as 26 ntu' s of 
turbidity caused a reductia~: in  f i s h  growth". The Salnon Forever 
s~rliment rnouitoring data shows that 25 ntu' s of turbidity is often 
exceeded. even a t  relatively loe  f l o w .  We believe that Whell Jacoby 
Cr~.ek turbidity i s  compared t o  severity indexes f ~ r  impact3 an 
jaluonid3, ~t paint.$ a picture of impairnent. 

Wfi hAve provided Pillsburyl s thesis, 1972, which measured 
turbidity in Jcicoby Creek old growth, which night. help establ13n 
Anme hackground levels. 



TILG 1978-79 taka1 scdirnent sediment readings hy Ton Lisle of 
Fedwood Sciences Lab and the i353-2001 cross 3tction su~veys at 
B~ooKwooll El idye :!compiled by lirdrc Lehra, Huuboldt State llnivcraity 
geology professor, are included Prof esaor Lehre has been taking 
classes t o  Jacoby C ~ c e k  3mce 1982, and h a  seen signifimnt and 
$uhsts.ntial changes. His 1992-20Df surveys of cross sections above, 
LtYzder atW downstream ui the bridge ahow i t o  1.6 feet  ~f 
aggradation, nos t l y  since 1395 (personal communication and attached 
data).  It is Interesting tu r~obe! the corra~ponding increase in 
tiubex h r v e z t  plan acreage during this time frame. 

11311;~ people. a re  concerned Lllut we have not yct seen a l l  of 
the  posaible s e d i u e ~ ~ t  effects  froa the recent d.ramtic increase i n  
THP acreage (Smith'3 silvlcultural awl ma^-ics), duc t g  light rainfall 
winters. Zierner, e t  al. (1991), reports that B X C ~ S ~  ~ e d i ~ l e l i t  i 3  
of ten st.ored in tributarlcs, resu l t iq  ill n time lag bctuccn the 
erosion event and the transport of t h t  naterial t o  the min 
charnel. 

The attached q e o ~ o ~ p h o l o g i c a l  map shows the instabi l i ty  of 
much of the Jacoby Creek vatershed. Almost 24% i u  cccnsidered 
~ j e o l ~ i c a l l y  w~$tsble ,  .14% is considered earthf low--partially 
destsblized, saturated soils that could cont.1uously nuve seasolzsllp, 
~ r u i  7% of the mtershed is a t  over 65% grade--steep, unstable slopes 
that hive experienced repeated slides (Jacoby CreaK Land T r u s t  
S t r a t ~ g y ,  1999). 

Such gecrlcrgic-al instability, especially co~lpled v l tn  
increasinq l a ~ d  use act iv i t ies  and roads, has reaulted in 
sedinel~tat ias  and adverse impacts t o  Jacoby Creeh'. am creates the 
potential f n r  more. 1-y people in the area are faniliar with an 
earthf low below the Pluakett Rand subdivision, arld the ulfmous 
"Blue Slide'' furkh~r  uptxIIey, a considerable suurce of aedimsnt 
~ n t o  the creek and s i t e  of restorat.ian and stablization eftorts 
<lc,t tsrs  f ron Erich Schimp and Robert ' I m c r .  and Wlmer's 1480, 
' 8 3  and '96 reports) .  

The increased it1tensit.y of timber harvesti~lg i u  the Jacoby 
Creek watershed, especially the associated roads and tractor yarding 
(as ref lcctsd in the attached ~i lvicul tural  area s~unmal'y statistics 
a r .  w.ps), B r e  of great cmcern t o  many residents. The 
ssdiwentatian that m y  result f r o m  3ilch activities continues t o  be a 
thresit t u  the water and %&onid hsbitat qm1it-f of the creak. 

Accordit~g t o  tha silvicrrltural srlmu~ries. twenty-six percent 
of Jacoby Creek watershed was under timber harvest between 1588 and 
2000. Reeves. Evorcst and Sedell  ( i 9 9 3 )  repnrt  a diverse assemblage 
of x l u o n i d s  in watersheds with less than 25% tinber harvesting, and 
a uurlutypic papula,bian where more than 26% i% r.i~t. Protecting and 
re3tering Mittit t o  szuure diversity of salmon pop~alatione is 
c r i t i ~ w l  for  a healthy functioning watershed. 

In 1393 Htlmboldt County Superior Court f clund that the 
CaliCu~nia Department of Forestry had not required ~ d e q u a t e  
a3se33nkeut of potential adverse cuuulative iwpacts of TRP#01-91-065 
KUlf ill conjunction with ~ t h e r  p a s t .  present earl fnreseeable land use 
s .c t iv i  ties, Are the cmula t ive impacts beity  thoroughly assessed 
%rid nil igated on other timbcr hrvee t  platss? Sf not, how cnlild this 
.adversely a f f e c t  the beneficial uves of later in Jacoby Creek due t o  



possible t '0.~;111 t.s A I J . C ~  a3 erosion and d e d i ~ ~ e n t a t i o n ,  especially 
~c~mbination with other land usess? 

we. are very concerned abcrut the herbicides thnt arc f l ' c q u e t ~ t l ~ ~  
applied after ~ l e ~ r c u t t i n y .  Just a fev weeks ago, while driving on 
4 county road, 1 cash% Rc.roa8 an actitre herbicide Spray operation ill 
.s clearcut  near the headwaters of Jacoby Creek. It me easy t o  sea 
that the applicatiorl was rathcr h~phaearcl, e-ridei~ccd bf the bright 
purple dye in sporadic patches and 011 slash p i l e s .  I ms very 
concarned f u r  the hoalth illvl aatety of ny three year-old sol1 wllu was 
with us (and of +.he workers), as both side3 of the ruad were 
3aturati;d, with 3ame overspray on the road. The dyad I l e ~ b i c i d e  lk9d 
sloshed i n t o  the back of the uorkers' truck, with. soma leaking out 
1:lf the truck h d .  y i th  such sloppy apy l l~a l iurr ,  usu3lly unseeu by 
the pi b l i c  or agencies, I believe the chenicals could easily get 
i n t o  out' 3trear118, with yul.enLia clr'astic results. 

Atrazina, ~ n e  of the herbi "E ides camonly used on ilxiustrial 
fos-estlsnds, i 8  lux ic  Lo aquatic invertebrates arbd %1m4nlds, able 
to travel hhrowjh so i l  and enter groundvater, is c4.rcinegeuic. and 
t s ~ s  a. re ld l iv .e ly  long halt-fllee. Conslderlrlg the potent ia l  effects 
1)n damestic, agricultural and biological values, herbicide use 
s l~uuld  be considered as an adverse che~dical inpact. A nap O f  
herbicide use in the watershed and possible inpacts are available on 
request (conpiled by Calllornlans for Alternatives t o  Toxicsf. The 
use clf herbicides a t  the  Baywood Go11 Course may also adversely 
af feet the  creek'^ krater qual i ty  (Wuzuler, 1936). 

Developuent in the watershed is an issue i n  regards t o  
utp6lrM beneficial use3 and sedinentation. For sxarmple. f ive  of 13 
subtratersheds ace zoned a t  developm~,nt densities which upon full 
build-out at. the l eve ls  ol the 1982 Jacoby Creek Laud Use Plan are 
expected to  musa wetland sedinantation t o  accelerate beyolld that 
experienced historically (uny sources, e.g. Tuttle, 1905). 

Ongoing intarest atvl concern with Jacoby Creek is evidenced 
by ef forts  such EIS a new staff p l a t e  installed at  Brook~r~ocl Bridge 
for r n n n i t o r i t ~ ~  by Jacoby Creek School students. Professor J J e h r ~ ' 3  

. rec,ent cross ~ e c t i o n  resurveying. and the installation of a Hew 
gaugincj st~tion by Redwood Sciences Lab in t.ha i~vpor watershed at  an 
old USG5 3 i t e .  

Plcaae l i s t  Jacoby Creek as impai red t.n help us saf eg~tawd and 
restore the aatcr quality ard beneficial uses  of our creek. 

Thank you very much for  your cnn.sirlswation of this petiti~n. 

Sincerslv. 

P l e ~ $ a  cal l  me at (707) 826-9125 [June 7-27, 2001 a t  (801) 
293-3666] or write 137 Nature Lane, Arcata 95521 for questions @.bout 
t h i j  peki t.inn. We d i d  not include copies  of all of the 
source~/publicatious cited; they are availhble ou request. 
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JACOBY CREEK 
SALMON FOREVER 

CITIZEN TURBIDITY AND TSS MONITORING 
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clarkfenton, 08:41 PM 5/10/01 , Re: Jacoby data 

Return-Path: <clarkstr@humboldtl.com> 
X-Sender: clarkstr@mail.humboldtl.com 
Date: Thu, 10 May 2001 20:41:01 -0700 
To: russell-ms450700 <comwiz@mindspring.com> 
From: clarkfenton <clarkstr@humboldtl.com> 
Subject: Re: Jacoby data 

Hi Russell, 

1 don't have any discharges or rating curves for Jacoby at all. 

The 2 different stage numbers at BW are USGS staff gage sea level 
53.xxx and inches on Janna's metal pipe pounded into the stream bed 
next to the USGS staff gage. I do not know the correlation between 
the 2. Somebody put it in in 98/99 and the 2 are comparable if you 
know the correlation. 
Liz and I talked a little about this. 

As far as stage measured from the bridge I don't know where. What do 
Bill's notes say? 

We have not gotten to any Jacoby SSC data so far this year. 

Velocities were measured with any floating object. Usually just 
upstream of the bridge by the staff gages 

Usually when you talk about cork it's in reference to cork inside a 
crest stage gage where the cork rises inside the plpe and clings to 
an lnner pipe which you lift out after the peak stage has passed and 
can tell how high it was by the cork left on the inner pipe. 

Clark 

>We're trying to get flow rates from the data you sent. Particularly, we 
>are interested in the Brookwood Site as we have dug up some hlstoric data 
>there also. Can you clarify how flows were measured at this site. It 
>looks like velocities were measured with a cork at the bridge and stage was 
>measured from both the bridge and the staff plate(s). Are all staff plate 
>readings comparable? I thought that the plate was recently replaced at the 
>site. Please clarify. Also, please let me know if know where on the 
>bridge stage was measured. 
> 
>Do you have or know of any rating curves for 99-01' for this site? 
> 
> I  was also wondering if you will have the 2001 TSS data for the monitoring 
>before friday. 
> 
>Thanks for your help!!!! 
> 
>Russell 

- - 

Printed for russell-ms450700 <comwizPminds~rinu.com> 
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SALMON FOREVER 
Watershed Watch Grab Sampling Protocols 

Turbidity and Suspended Sediment 
How-to Guide for Volunteers 

9-4-99 

A. SAFETY FIRST! 
1. Establish a safe path to the site: streambanks are soft and slippery. 
2. Be careful! please don't wade when you sample. We want all the grab samples to 
be consistently from the streambank. Remember, when you go out in the field, you 
do so as a volunteer and must assume responsibility for your own safety. Please take 
your time and be careful. 

I Before the rainy season: 

B. PREPARING SAMPLE CONTAINERS 
Sample containers and glassware must be cleaned and rinsed before the first 
sampling run and after each run. The lab may prep containers for volunteers 
beforehand. If there are dirty bottles in the lab when you sign-in your samples, please 
try to clean some for everyone else. 

8 

The following method should be used when preparing all sample containers and 
glassware for monitoring. 
1, Wash each sample bottle with a brush and phosphate-free detergent. 
2. Rinse three times with cold tap water. I 

3. Rinse twice with distilled or de-ionized water. 
I 

C. MATERLALS AND TOOLS NEEDED 
Sample bottles 
Stopwatch 
Rite in the Rain note paper or book w/pencil 
Tape measure 
Orange peel or floating object for velocity 
Bottle of HCL solution (for sterilizm sample after turbidity is run) 
Waterproof boots and raingear 
Flashlight or headlamp 
Staff Gauge for measurtng water depth. This can be: 
1. 1- 1 /4" or 1- 1/2" metal pipe staff gauge (to be driven into streambed in flatwater 
just upstream or downstream of the velocity gauging section) 
2. Rod with markings driven in streambed 
3. Marks on bridge piers or culverts 



D. ESTABLISHING THE SITE 
Before the rainy season begins, new sites needito be established. Existing sites must be 
checked for maintenance issues and accessibility. Know the route to your site and . 
establish an alternate route and/or somebody elserto sample in case of road flooding. 5 

Ask permission if a site is to be established on private property. 
1. Locate a safe water-sampling site and give it a short name. (HH, SFELK, GG etc..) 
2. Locate the appropriate site to measure water height. Measure down from a bridge 
guardrail, or measure water level on staff/stage gauge. Find a spotsafe from flooding 
and one you can read at high water level. 
3. Establish the velocity gauging section of the creek (straight, uniform stream reach, 
long enough to give velocities in the 6-12 second range at high flow if possible). 
4. Measure the cross sectional area at the velocity gauging section. This can be 
accomplished during the flow by measuring flow depth at 1.0-foot,intervals as you 
cross the stream but must also be correlated to the stream gauge. This needs to be 
established once or twice a year or more often if the creek bed or banks change. 
Others can help with this. 
5. Photograph the site and make a location map. Make la photocopy of a 
topographic map of the area with the sampling location marked if possible; and give 
to the your watershed coordinator or the SunnyBrae Lab. , > 

E. WHEN TO MONITOR i ,  I t  

Try to sample as the creek rises and throughout the storm event and as the water 
begins to go down. The goal is to collect representative samples that illustrate the 
full range of stream f l ~ w .  A hydrograph, showing the rise and fall ~f water level in a 
creek, and the corresponding rise and fall of turbidity levels and PPM of s,edixpent 
during a storm event will be produced with this data,:The data will also show-when 
turbidity levels that are injurious or lethal to sqlmonids are occurring and what ( 

sediment loads the individual creek is carrying. I t  is mast useful to, sample near the 
peak of the flows to get a good representation of the highest discharges (up to 90% of 
sediment transport may occur during high flow events). Ph~tograpkatjthe high 
stage! , I - . 
1. Sample after the rain starts . . 
2. As the creek rises (for long storms, sample at several stages.) , a 

3. Sample at the peak, if at all possible , I  

4. Sample as the creek falls (if it is a long duration storm, sample at4severqlt;tages.) 
5. During quiet times between storms you cap minimize1 your samples and save the 
bottles for the next storm. > I  I 

F. INFORMATION NEEDED FOR EACH SAMPLE . . . 1 '  

1. Location, date, time, who sampled and the approximate elapsed time since start of 
, the storm 

2. Record the stafflstage gauge water level (or distance down from the bridge 
guardrail) to the nearest 1 / 2  an inch: -, 

3. Measure velocity (elapsed time for a floating object to pass through a measured 
section) to the nearest tenth of a second and nearest 1 /2  an inch. If there 
is a high velocity strand and a low velocity strand, estimate width, depth and 
velocity for each, Note backwater eddies at the creek banks 
4. Record width of flow in velocity section and width of creek 
We are trying to get an estimate of water volume traveling down a point on the 
creek. Therefore you must provide width, depth (stage), and the velocity for each 
sample to be usable. One velocity measurement and depth is the minimum for each 
sample. 



G. HOW TO MEASURE STAGE 

Locate an appropriate site to measure creek water height (measure down from bridge 
guard rail, or measure water level on staffhtage gauge or distance down from the top 
of a culvert) to the nearest 1 / 2  an inch. 

If there is a bridge available record the height of the creek from the bridge. One does 
this by measuring the distance between the water's surface and a fixed point on the 
bridge (top of guardrail) to the nearest 1/2 inch. The fixed point must be correlated 
to a spot on the stream bank and your x-section. 

Measure cross sectional area at the velocity gauging section. This can be 
accomplished during the flow by measuring flow depth in 1-foot horizontal segments 
as you cross the stream or with a builder's level at low flow. This must also be 
correlated to the stream gauge. This needs to be established once or twice a year or 
more often if the creek bed or banks change. 

H. HOW TO MEASURE STREAM VELOCITY. 
Set up a known measured length (to the nearest' 1 / 2  an inch) beforehand (For 
example inserting two colored sticks in the ground 20 feet apart above the bank and 
out of flood levels). Time an orange peel or floating object as it travels between the 
two sticks to the nearest tenth of a secondusing your stopwatch. Velocity is the 
distance your orange peel travels divided by the time it took to travel that distance. 

A volunteer releases an orange peel (or a stick, leaf, etc.) at one side of a bridge and 
Y 

records to the nearest tenth of a second how long it takes to go a measured 
number of feet to the other side of the bridge. For example, say it takes 10.0 seconds 
for the orange peel to reach the other side of a 20.0-foot bridge. That means the 
water is flowing 2 feet per second. Incidentally, Winnie the ~ooh'invented this 
method ... 

With other simple measurements done at low flow, Salmon Forever can estiinate the 
discharge (creek volume). Using discharge and the grams/liter of sediment in a 
sample, we can estimate the amount of sediment travelling down your creek. This 
tells us how quickly your watershed is eroding. Erosion is a natural activity, however 
accelerated erosion is generally due to human activities. Sampling creeks without 
any obvious impacts is an important way to establish baseline information 

During the storms: 
I. TAKING THE GRAB SAMPLE FROM THE STREAM 
Use the same location each time and take a sample by standing on the bank and 
holding a bottle in your hand and reach into the water. You can also sample from a 
bridge by tying a bottle to a string and lowering it into the water or set up a pole to 
hold a bottle and lower it into the water that way. If you sample from a bridge 
always sample at the same spot. You can put a mark on the bridge where you 
sample. Volunteers may be trained in other sampling methods as needs arise. Please 
keep your coordinator informed of changes in your schedule. 
Occasionally, video footage is recorded. Let us know if you are camera shy. 



In general, sample away from the riverbank in the main current. Never sample - 

stagnant water or backwater eddies. The outside curve of the river is often algood 
place to sample since the main current tends to hug this bank. 
To collect water samples usingrscrew-cap sample bottles, use the following , 

I procedures. I 

1. Label the bottle with the site name, date and time. Use a piece of tape to write on 
the plastic bottles and use a pencil only to write on the white portion of the glass 

i HACH cell. 
2 Remove the capfrom the bottle just before sampling.   void touching the inside of 
the bottle or the cap. 
3. Hold the bottle near its base and plunge it (opening downward) below the water 
surface. Collect a water sample 4 to 6 inches beneath the surface or mid-way between 
the surface and the bottom if the river reach is shallow. ' 

4. Turn the bottle underwater into the current. In slow-moving river reaches, push 
the bottle underneath the surface and away from you in fan upstream direction. 
5. Leave an air space. Do not fill the bottle ccrmpletely .(2X3 is fine so that the Isample 
can be shaken, just before analysis). HACH cells must be filled to above the white 
line. Recap the bottle J / , I  " 5 

s! 

6. LABEL THE SAMPLE BOTTLE ! Label the bottle with, ,date, time, location, Stage, 
velocity. Mark the water level in the bottle at the time of .sampling .with 'a mark on a 

8 piece of tape ,on the outside of all sample bottles, except the HACH cells. -We can tell 
' 1  l if the bottle leaked if the water level is different when $we receive them inl the lab. 

, Incomplete labeling, often creates wasted effort. Use only a pencil to mark HACH 
Turbidity cells. Check legibility because wet bottles can turn good information into 

, mud. 1 I )  > I 

7. WRITE I N  YOUR NOTEBOOK: date,.fime, iocation, stage,$ream width, and 
veldcity at least for each sample , L , h 

I ,  
, 

, , . . 
7 i 

J. STORING .THE SAMPLE 
Keep in a dark and cool place'and / or ;efrigerate; ~etursi to your watershed , 

coordinator or the Sunny Brae Sediment Lab ASAP. Make sure all samples are labeled. 
Ideally the turhidity(NTU1s) should be rug within 48 houp. If you take the,twbidity 
reading put a drop of HCL in the sample afterwards to retard algae. Turbidity, . ( . 
reading protocols will be on a separate sheet. Dump the lowest flow sample~,~if you 
run out of bottles. The peak flow is the most important! Call your coordinator for 
directions or ahswers to questions. : 1 

~ m ~ d r t a n t  phone #IS 
1 

Emergency 9 1 1 

Watershed Coordinator ,,,-,,,,,,,, Jesse Noel1 839-7552 . . 

 lark Fenton 826-2978, Anita Andazola 822-8576 

Department of Water Resources / Eureka Flood Center 
, Roads 445-6576 

$ampRccomlb-3-ssM/cf1 
' River Info 445-7855 

3 
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1. Scope: 

This Standard Operating Procedure covers the proper way to collect water samples from various sites for 
representatme turb~dity and suspended sediment concentrabon determination. Grab Sampling provides 
only a single point representation of turbidity and suspended sediment concentration in a sqeam. Where 
possible samples will be compared with Depth-Integrated samples taken at the same time'to provide a 
more representative understanding of the sedlment distribution at a given polnt in time 

2. Apparatus: 

Sample Containers - HACH Sample Cells, Plastic Bottles (various sizes), Glass Bottles (various sizes) 
Stopwatch 
Rite in the Rain note paper or book wlpencil 
Tape measure 
Orange peel or floating objects for velocity 
Bottle of HCL solution (for sterilizing sample after turbidity is run) 
Waterproof boots and raingear 
~ l a s h l i ~ h t  or headlamp 
Staff Gauge for measuring water depth. 
This can be: 
1. 1- 114" or 1- 112" metal pipe staff gauge (to be driven into streambed in flatwater just upstream or 
downstream of the velocity gauging sechon) 
2. Rod with markings driven in streambed 
3. Marks on bridge piers or culverts I 

Sampling Equipment Suppliers 

HACH Company: 
PO Box 389 
Loveland Colorado 80539 
1-800-227-4224 
www. hach. com 

,. Ricklev Hvdrological Co. 
, 2710 Joyce Avenue 

Columbus, Ohio 432 1 1 
, i , 6 14-475-07 17 

Turbidity Sample Cells # 24347 
6 packs of cells $16 , 

1 

Turbidirneters: 2 100P 

Sediment Sampling, Stream Gaging 

DH-48 Depth Integrated Sampler 
Glass Pint Bottles Current Meters ,, 

www,rickley ,corn 

All supplies used in the South Fork Trinity Study will be either ordered fram the manufacturer or 
through a scientific supply house. Supplies will not be accepted unless in proper worlung order. All 
supplies and equipment are purchased and mpected under the supervision of the Lab and Field Leader. 
Lab water shall be retail distilled water purchased locally. The Lab Manager before use shall inspect 
sample bottles cleaned in the lab and affix a unique ID # sticker to each bottle before it is used in the 
field. Cop~es of equipment invoices shall be kept in the Sediment Lab and Salmon Forever Offices. 



3. Calibration: 
l' 

None of the sampling equipment requires calibration. 
< .  

4. Sample Collection: 
I 

A. SAFETY FIRST! 
1. Establish a safe path to the site: streambanks are soft and slippery. : ,, 

c ,= , >  :- 
2. Be carehl! Please don't wade when you sample. We want all the grab samples to be &nslstently 
from the streambank. Remember, when you go out in the field, you do so as a volunteer and must 
assume responsibility for your own safety. Please take your time and be careful. ' 

B. ESTABLISHING THE SITE 
3 .  

Before the rainy season begins, new sites need to be established. Existing sites must be checked for 
maintenance issues and accessibility. Know the route to your site and establish an alternate route and/or 
somebody else to sample in case of road flooding. Ask permission if a site is to be established on private 
property. I .  , 
1. Locate a safe water-sampling site and give it a short name. (HH, SFELK, GG etc.) a 

2. Locate the appropriate site to measure water height. Measure down from a bridge guardrail, or 
measure water level on stflstage gauge. Find a spot safe from floodmg and one you can read at high 
,water level.', 
3. Establish the velocity gauging section of the creek (straight, uniform stream reach, long enough to 
give velocities in the 6-12 second range at high flow if possible). . , 

4. Measure the cross sectional area at the velocity gauging section. Ths  can be accomplished during low i 
flow by measuring flow depth at 1,O-foot intervals as you cross the stream but must also be correlated to 
the stream gauge. This needs to be established once or twice a year or more-often if &&creek bed or 
banks change. Others can help with this. 
5. Photograph the site from identifiable site and make a location map. Describe the lens and focal length 
used for future use. Make a photocopy of a topographic map of the area with the sampling location 
marked if possible and give to the your watershed coordinator or the Swnny Brae Lab. - 

C. WHEN TO MONITOR 
Aim to sample as the creek rises and throughout the storm event and as the water begins to go down. 
The goal is to collect representative samples that illustrate the full range of stream flow. A hydrograph, 
showing the rise and fall of water level in a creek, and the corresponding rise and fall of turbidity levels 
and PPM of sediment during a storm event will be produced with this data. The data will also show 
when turbidity levels that are injurious or lethal to salmonids are occurring and what sediment loads the 
individual creek is carrying. It is most useful to sample near the peak of the flows to get a good 
representation of the highest discharges (up to 90% of sediment transport may occur during high flow 
events). Photograph at the high stage! I , ' I  

1. Sample after the rain starts 
I '2. As the creek rises (for long storms, sample at several stages.) 
3. Sample at the peak, if at all possible 
4. Sample as the creek falls (if it is a long duration storm, sample at several stages.) 
5. During quiet times between storms you can minimize the number of samples taken to save the bottles 
for the next storm. 



To collect water samples using screw-cap sample bottles, use the following procedures. 

1 Label the bottle with the site name, date and time. Use a piece of tape to write on the plastic bottles 
and use a pencil only to write on the whlte portion of the glass HACH cell. Note site on ID # label if 
possible 
2 Remove the cap from the bottle just before sampling Avoid touching the inside of the bottle or the 
cap. 
3. Hold the bottle near its base and plunge it (opening downward) below the water surface. Collect a 
water sample 4 to 6 inches beneath the surface or mid-way between the surface and the bottom if the 
river reach is shallow. 
4. Turn the bottle underwater into the current. In slow-moving river reaches, push the bottle underneath 
the surface and away from you in an upstream direction. 
5 Leave an air space. Do not fill the bottle completely (213 is fine so that the sample can be shaken, just 
before analysis). HACH cells must be filled to above the white line. Recap the bottle 
6 LABEL THE SAMPLE BOTTLE! Label the bottle with, date, time, location, stage, and velocity. 
Mark the water level in the bottle at the time of sampl~ng with a mark on a piece of tape on the outside 
of all sample bottles, except the HACH cells. We can tell if the bottle leaked if the water level is 
different when we receive them in the lab. Incomplete labellng often creates wasted effort. Use only a 
pencil to mark HACH Turbidity cells. Check legibility because wet bottles can turn good information 
into mud. , 
7. WRITE IN YOUR NOTEBOOK. date, time, location, the sample ID #, stage, stream width, and 
velocity at least for each sample 

' $ 

5. Handling Preservation: 

A. PREPARLNG SAMPLE CONTALNERS 
Sample containers and glassware must be cleaned and rinsed before the first sampling run and aftier each 
run. The lab may prep containers foi volunteers beforehand. If there are dirty bottles in the lab when you 
sign-in your samples, please try to clean some for everyone else. Alconox soap shall be used. 

1 1  
The following method should be used when preparing all sample containers and glassware for 
monitoring. 
1.  Wash each sample bottle with a brush and phosphate-free detergent. 
2. Rinse three times with cold tap water. 
3. Rinse twice with distilled or de-ionized water. 

B. STORING THE SAMPLE 
Keep in a dark and cool place and 1 or refrigerate. Return to your Watershed coordinator or the Sunny 
Brae Sediment Lab ASAP. Make sure all samples are labeled. Ideally the turbidity (NTU's) should be 
run within 48 hours. If you take the turbidity reading put a drop of HCL in the sample afterwards to 
retard algae. Turbidity reading protocols will be on a separate sheet. Dump the lowest flow samples if 
you run out of bottles. The peak flow is the most important! Call your coordinator for directions or 
answers to questions. 



D. HOW TO MEASURE STAGE - I . 1: i  5 

Locate an appropriate site to measure creek water height (measure down from bridge guard rail, or 
measure water level on stamstage gauge or distance down from the top of a culvert) to the nearest 1/2 

If there is a bridge available record the height of the creek from the bridge. One does this by measuring 
the distance between the water's surface and a fixed point on the bridge (top of guardrail) to the nearest 
112 inch. The fixed point must be correlated to a spot on the stream bank and your x-section. 

. I  

Measure cross sectional area at the velocity gauging section. Ths  can be accomplished during the low 
flow by measuring flow depth in 1-foot horizontal segments as you cross the stream or with a builder's 
level at low flow. Ths  must also be correlated to the stream gauge. This needs to be established once or 

, twice a year or more often if the creek bed or banks change. I _ -' + , 

- A !  4' 4 

E. HOW TO MEASURE STREAM VELOCITY. ~ c 2 0 u J ~  ' ~~~~ d q  1 L : ~ '  

Set up a known measured length (to the nearest J&&fi&ch) beforehand (For example inserting two 
colored sticks in the ground 20 feet apart above the bank and out of flood levels). Time sm orange peel 

I or floating object as it travels between the two sticks to the nearest tenth of a second-using your 
stopwatch. Velocity is the distance your orange peel travels divided by the time it took to travel that 
distance. 

7 , I  
c - 

' ,  I. * 
I ,,** I = ,  , 

A volunteer releases an orange peel (or a stick, leaf, etc.) at one side of a bridge and records to the 
nearest tenth of a second how long it takes to go a measured number of feet t o  the other side of the 
bridge. For example, say it takes 10.0 seconds for the orange peel to reach ,, A .. _ the _,.. . ..- other ;:. ," side t :  of,a~20.0-foot . > ,, . 

bridge. That means the water is flowing 2 feet per second. ~ncidentalf~; Wikiie the Poo~'iii;inted this 
method.. . , ... . . I  . .. 

, a ,  . ;, : . ,  , ,: ; . , .  " , . # . ; ! ' : ' 3 3 . ? .  ;.,: ,.. % : ;i\i :. 
I 8' - With other simple measurements done at low flow, Salmon   or ever can estimate ths di$charie' (creek 
I ( 'volume). Using discharge and the gramslliter of sediment in a h p l e ,  we can estimate the ainoht of 

sediment travelling down your creek. This tells us how quickly your watershed is eroding. Erosion is a 
natural activity, however accelerated erosion is generally due to human activities. Sampling creeks 

i i l  . 
without any obvious impacts is an important way to establish baseline information I 

i 
I I 

F. TAKING THE GRAB SAMPLE FROM THE STREAM f 1. " . 

Use the same location each time and take a sample by standing on the bank aa'd holding a bottle in your 
hand and reach into the water. You can also sample from A bridge3by tying a bottle to a string and 
lowering it into the water or set up a pole to hold a bottle and lower it into the water that ,way.:If you 
sample from a bridge always sample at the same spot. You can put a mark on the bridge1wh;re ydu 

I '  sample. Volunteers may be trained in other sampling methods as needs arise. Please keep your 
coordinator informed of changes in your schedule. J 

In general, sample away from the riverbank in the main current. Never sample stagnant-water or 
backwater eddies. The outside curve of the river is often a good place to sample since the'main current 
tends to hug this bank. 

1 I 



6. Troubleshooting: 

Try to keep field forms and bottles dry when writing down information. 

7. Data Acquisition, Calculations & Data Reduction: ' 

F. INFORIVlATION NEEDED FOR EACH SAMPLE ON THE FIELD FORM , I  

1. Location, date, time, ID #, who sampled and the approximate elapsed time slnce start of the storm 
2. Record the stamstage gauge water level (or dlstance down from the bridge guardrail) to the nearest 112 an 
inch. 
3 ,  Measure velocity (elapsed time for a floating object to pass through a measured section) to the nearest tenth 
of a second and nearest 112 an inch. If there is a high velocity strand and a low velocity strand, estimate 
width, depth and velocity for each. Note backwater eddies at the creek banks 
4. Record width of flow in velocity section and width of creek 
We are trying to get an estimate of water volume traveling d o m  a point on the creek. Therefore you must provide 
width, depth (stage), and the velocity for each sample to be usable One velocity measurement and depth is the 
m i m u m  for each sample. 

Volunteers will record field-sampling data using ready-made sheets In binders or Rite in the Ram 
Notebooks The Field Managers or Watershed coordinator makes copies and returns the binder to 
samplers. Field sheets are archived for 10 years by sampler. Originals of Lab Sheets will be kept in the 
Sunny Brae Sediment lab.'Copies of Field Sheets and Lab sheets will be kept in Salmon Forever 
Offices Hard copies of all data as well as computer back-up disks will be maintained by Salmon 
Forever for at least 10 years. QAIQC sheets wlll maintained by Salmon Forever for 10 years. All 
Sediment Lab data to be maintained by Salmon Forever for 10 years. Originals of ISCO Automatic 
Sampler field sheets will be maintained for 10 years at the Salmon Forever Sediment Lab location. 
Copies wll be given to RSL. , .  

All ISCO and Depth Integrated sample bottles and grab sample bottles shall be labeled in the field with 
the pertinent data and logged in a logbook at the time of sampling. ISCO Sample bottles shall be labeled 
at the time they are taken from the sampler. Grab Sample labels shall at least include a sample location, 
sampling time and date. Data recorded shall at least include time and date, location, pkrson sampling, 
velocity, and stage. 

I 

The chain-of-custody for these samples is as follows: 
The Volunteer is responsible for samples until they are picked up or measurements recorded by a Field 
Leader or Watershed Coordinator. The Field Leader or Watershed Coordinator is responsible for 
samples until they are checked into the lab. The Field Leader or Watershed Coordinator is responsible 
for collecting and checking the completeness of field samples and data. The Lab Leader is responsible 
for processing samples. The date and time of arrival at the Sediment Lab is recorded on the Lab Sign In 
sheet by whoever brings the sample into the lab Samples at the lab shall be kept in a cool dark place 
until processing. The lab sign-in sheet is in Appendix 2. 

< 

Volunteer grab samples will be analyzed for turbidity with a HACH 2 100P Turbidimeter and then 
processed for suspended sediment concentrations through tared 1.0-micron filters on a vacuum 
assembly. ISCO samples will not be run on the HACH Turbidlmeter but will be 

Velocity of water = distance / time 



, . 8. Computer Hardware and Software Used: . 1 a >  .b,: .. . i 

No special hardware is needed for suspended sediment concentration determination, calculations and 
data analysis. Software used will primarily be Microsoft Word and Excel programs. Software may also 
include specialized statistical. and graphing programs. Redwood Sciences Lab uses Pearl and S+ 

7 .  
- > 

3 ,  
. , , > !  .-?!!$J 

database and analysis softwde. ' ' 
' '  

9. Data Management & Records Management: s ' I  

'.' Data is entered on data sheets in the field. Sample information is recorded on standardized field and data 
sheets. See Appendix 2 for examples of all data sheets. The Volunteer, Watershed Coordinator and Field 
Manager are responsible to double check and copy Field Data sheets and deliver them to the Project 
Manager. Salmon Forever andlor Watershed Coordinators will keep the originals: Reports ind data will 
be transferred to Excel spreadsheets and Word documents and copies kept at the Sunny Brae Sediment 
Lab and Salmon Forever Offices. 

, I ,  
All dati sheets will have the Hydrologic Year, initials of the persbn entering data, the da& of data entry 
and the date of copying. Sign-in sheets will be numbered sequentially. 

I ! t 

Data will be examined-and rated on the basis of field codes pertaining to the quality of data. Any outliers 
or nonsensical data will be detected during calculations and transfer to electronic, spreadsheet and 
documented. Data will be in a format acceptable to EPA, RSL and NCRWQCB. I t 

Data and calculations will be checked at the time of transfer from paper to spreadsheets. 
A 

' / 

A ~ r e n d i r  2: ~ a t a  Forms I 

1 I 

Sample Sign-In sheet ( t 

Field Sampling Data Sheet 
Training Sign-in 1 

10. QA I QC: 

Quality control (QC) measures are those activities undertaken to demonstrate the accuracy (how close 
to the real result you are) and precision (how reproducible your results are) of your monitoring. Quality 
Control consists of the steps you will take to determine the validity of specific sampling and analytical 
procedures. The Quality Assurance Manager will be responsible for implementing and recording and 
analyzing these measures. Quality Control measures will make up at least 10% of the data collected in 
this study. Most measures will be taken after every 9th sample or measurement. Some will be done on 
every sample. Results of analysis and corrective actions shall be reported to the Project Manager. 
Preciqion calculations are described in A7 data quality objectives. 

1. Grab Sampling 
A. Internal QC: 

Unique ID # on bottle - codes are in QAPP section B3 
External QC: None 



2. Floating Object Velocity Measurement 
Internal QC; None 
External QC: None 

' 3. Manual Stage Measurement 
Internal QC: None 
External QC: None 

Quality Assessmen t/Assu rance (QA) generally refers to a broad plan for maintaining quality in all 
aspects of a program. Qual~ty assurance/assessment is your assessment of the overall precision and 
accuracy of your data, after you've run the analyses. QA activities include training of staff, 
documentation and development of methods and standard operating procedures, equipment 
maintenance, and appropriate handling, processing, and tracking of all data and samples collected. These 
activities are designed to ensure that study objectives are met. 

1. Grab Sampling - including velocity and stage measurements 

A. Internal QA: Proficiency Checklist Tw~ce  a season 

B. External QA - None 

Proficiency checklists (Appendix 3), listing the sequence of sampling and data collection tasks, and 
notes on proper execution of methods, have been 
prepared for evaluating implementation of methods by individuals and teams. 
These checklists will be used by the QA Manager, Field Manager, Lab Manager, Watershed 
Coordinators during training and field data collection, and possibly by HSU/EPA/RSL staff. 

, , '  1 

The Field Manager, Lab Manager, QA Manager and Watershed Coordinators during training will use 
these checklists to document volunteer proficiency. 

The Field Manager, QAIQC manager or Watershed Coordinator shall observe each volunteer at the 
beginning of the project and again at least once a year conducting sampling using a proficiency 
checklist. Any problems shall be discussed and corrected at that time. During training, we will note any 
methods that the volunteers frnd confusing, and discuss modification of the method, the training 
schedule and the checklist. Volunteers will be required to perform all sampling procedures correctly for 
their data to be used. Volunteers will be rated on a scale as to the quality of data collection for later data 
quality evaluation. All field protocols will be re-evaluated following the training. All volunteers will be 
required to pass proficiency criteria during training. If volunteers do not pass the proficiency criteria, 
they will receive additional training until they are proficient or they will not be utilized in ttus study. The 
Field Manager, QAJQC Manager or Watershed Coordinator is responsible for implementing these 
assessments and to document and file these checklists. Results shall be reported to the Project Manager 

The Field Manager and QA Manager and Watershed Coordinators will conduct all field training. All 
volunteers will be assembled in various groups at least twice during the field season, for "calibration" in 
the collection of depth, velocity, crossection and grab sampling measurements. 

Personnel from Salmon Forever will initially conduct training. As the study progresses volunteer 
samplers will become proficient to train others. Field training will take place in at least the Freshwater 
Creek or Elk River or South Fork Trinity or South Fork Eel watersheds at various locations. Training 
will consist of day or half-day sessions in the field and laboratory. 



, . . 
( . , ,  

. ; j ;  

Safety procedures for sampling and taking measurements in stormy or hazardous conditions will be 
explained at every training session. High stream flows during storm events will be the main hazard the '/ 
volunteers will encounter. Sampling points will be designed for safety at all times. Under no 
circumstances is anyone to risk injury for data. Back-up plans for volunteers to cover for each other will 
be developed. If volunteers cannot conduct the scheduled sampling, they are instructed to contact the 
field leader as soon as possible so an alternative monitor can be found. 

Requirements for volunteers include good physical health, the ability to consistently repeat sampling 
procedures and time to spend sampling and analyzing data. Most of the procedures are not physically 
demanding. No special certification is required but all volunteers will go through training before . 
sampling. The goal of training is to educate volunteers so their estimates of subjective variables meets 
the DQO's in Table A7b. 

I . 8 /  
. . . , " .  

Back-up plans for volunteers to cover for each other will be developed. If volunteers cannot conduct the 
scheduled sampling, they are instructed to contact the field leader as soon as possible so an altemative 
monitor can be found. 

QA Watershed Coordinator checks: 
Watershed Coordinators will meet every 2 months to compare progress, to discuss and resolve problems 
that they may have encountered, and to address any issues brought to their attention by the external 
audits of internal QA checks. These meetings, will be extremely important in terms of preventing; data 
quality problems, variation in execution of sampling procedures. Topics for discussion may include: 

. . 

A. Progress in the field sampling and laboratory analyses or activities. 
B. Identify problems with sampling procedures or logistics in the field. Discuss difficulties encountered 
in specific situations and adopt corrective actions. Develop and adopt appropriate modifications for 
standardizing use of methods among crews. . I , 

C. Discuss personnel performance problems 
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j Location Sampled by Date 

1Ra1n start time Current weather Time 

Peak stage Current stage 

Culvert slze Culvert flow depth Culvert invert 

H~gh-veloc~ty w~d th  Low-veloc~ty width 1 Dist $1 T ~ m e  #I Dlst.#l Time #1 

I D1st.#2 Time #2 Dlst.#2 Time #2 
Dist #3 Time #3 Dist.#3 T ~ m e  #3 

Sketch map of high and low veloc~ty strands Sketch cross-sect~on of channel: 

Comments: 

Measured by 
Dateltime - - - - - - - - - - _ - - _ _ _ _ _ _ - - - - - - - - - - - - - - - - ~ - - - - - - - - -  

Locat~on Sampled by Date 
Rain start t ~ m e  Current weather Time 
Peak stage Current stage 
Culvert slze Culvert flow depth Culvert invert , 

High-velocity wldth Low-veloclty width 
Dlst.#l Time #1 Dist.#l Time #1 
Dlst #2 Time #2 D1st.#2 Time #2 
Dlst #3 T ~ m e  #3  D1st.#3 Time #3 I 

$ketch map of hlgh and low veloclty strands Sketch cross-section of channel: 

Commen ts: 

Measured by 
Da teltime 

Sampled by  
-__ -__ -__ -_ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - '  

Location Date 
Rain start time Current weather Time 
?eak stage Current stage 
Culvert size Culvert flow depth Culvert invert 

High-velocity width Low-velocity width 
Dist.31 Time #I Dist.#l Time #1 
Dist.#2 Time #2 Dist.#2 Time #2 

Dist.#3 Time #3 Dist.#3 Time #3 

Sketch map of high and low velocity strands: Sketch cross-section of channel: 

Measured by 
Dateltime 





JACOBY CREEK CROSS-SECTIONS 

BROOKWOOD REACH 

1983-1986,1992, 1995, 1997, & 2001 

ANDRE LEHRE 

DEPT. OF GEOLOGY 
HUMBOLDT STATE UNIVERSITY 

ARCATA, CALIFORNIA 9552 1 



Jacoby Cr XS1 
(approximately 75 ft upstream from covered bridge) 

1992 - 2001 
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Jacobv Cr XS2 
(at Lisle gage house, approx 39-ft upstream from covered bridge) 

1992 - 2001 

--- elevation, ft 1 Feb 92 

LB RB 

Distance, ft 
AK Lehre 8 May 200 1 



Jacoby Cr XS3 
(under covered bridge) 

1992 - 2001 
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Distance, ft 

A K Lehre 4 May 200 1 



Jacoby Cr XS4 
(approx 63 ft downstream from XS3) 

1992 - 2001 

Distance, ft 

AK Lehre 4 May 2001 



Jacoby Cr XS5 
(approx 57 ft downstream from XS4) 

1992 - 2001 

Distance, ft 
AK Lehre 6 May 200 1 



Jacoby Cr XS6 
(approx 57 feet downstream from XS5) 

1992 - 2001 

Distance, ft 
AK Lehre 6 May 2001 



Jacoby XS1 1983-1 986 
at Lisle's gage 

surveys by HSU Geology 531 and 550 classes 
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distance from RB pin, ft 
A K Lehre 1 May 200 1 



Andre Lehre, 09:47 AM 5/10/01 , Re: Jacobv Cr XSS 

Return-Path: <akll@humboldt.edu> 
Date: Thu, 10 May 2001 09:47:26 -0700 
To: russell-ms450700 <comwiz@mindspring.com> 
From: Andre Lehre <akll@humboldt.edu> 
Subject: Re: Jacoby Cr XSS 

>Andre, 
i 

Thanks for the data! 

>Are the 1983-1986 XSS at Lisle's gage comparable to the 1992-2001 XSS? If 
>so, would it be possible to get a composite PDF with the six XSS on it? 

At the present time I can't tie them together. The 1983-86 ones 
didn't have any permanent rebar endpoints. It would take a falr bit 
of messing about with them to see if they could be tied to the later 
ones. (I believe they are not at exactly the same location.) 

>Do you have, or know if any one has, rating curves for the Brookwood Reach 
>for 1999-20017 

No. Randy Klein did one gaging there this year with Jacoby Cr school 
students, I believe. I don't have the data. I can tell you, 
how'ever, that the BED is currently at 52.0 on Lisle's gage plate, and 
that according to my pre-1992 rating curve that would correspond to 
150 cfs! Clearly there has been significant filling, for that would 
no correspond to zero cfs. 

>Thanks again!!! 

My pleasure 

Andre 
- - 

Andre Lehre 
Department of Geology 
Hurnboldt State University 
Arcata, CA 95521 

\ \  akll@axe. humboldt . edu 
\ \  707-839-3526 
\ \ 
\ \ 

Printed for russell-ms450700 <comwiz~minds~rin~.com> 1 



Jacoby X'SI 1 983-1 986 
at Llsle's gage 

surveys by HSU Geclogy 531 and 550 ciasses 

60 50 40 30 20 10 0 -10 

distance from RB pin, f t  



Andre Lehra, 09:47 MI 5/10/01 , Re; Sa~oby Cr XSS 
I__ 

Xetlrrn-Path: <ak l lphumboj~ i r r .  ed7.p 
Datc: Thu, i O  I?ay 2001 09:17:?6 -D7n1? 
To: ~uszol.;-rn.34507C)O <co:noiz@m?.ndsprlnq. cr.,rri'. 
From: Ancit:? Lehre -:akllFlIup;bcldt. c d w  
S u G j e c r :  Re: ..lacoby Cr ~ 3 s  

>Andre, 
, 
T h z ~ k s  for t 'he data? 

> A r e  the 1983-1956 XSS at  isle's gage c o ~ ~ ~ a r a b l e  t o  cha 1.992-2001 X 5 S I  I f  
;so, would i C  be poss ib le  t n  ye t  a c c n ~ p o s ~ c c  PDF w l t 1 . i  the s i s  sss on it-? 

At t t e  p ~ b 3 e n t  t i m t  I c a n ' t  t-ie then1 t o q e t h e r .  T h e  1383-86 ones 
didn't hava any permanent rebar e n d p o 1 . n ~ ~ .  It would take a fair b i z  
of rnt-sririqa%i;out witH'rhem to see if they collld be tied to t h e  Later  
ones. [I believe t h e y  are not at exactly the  same l o c a t i o n . )  

-.I19 you have, or know if any one has, rating curves for  he erookwood Reach 
z f c r  1999-2QOi? 

Pro. Randy K l e i n  did  one gaging there  this year w i t h  .sacoby Cr school 
student3, I believe.  I don't have the data. I can tell you, 
hsw'ever, t h a t  the BED LZ currently at 52.0 on Lisle's gage plate, and 
that accordin; t n  my pre-1992 . rating cur re  that would correspond = s  

t h e r e  has been signiflcact filling, for that wou1.d 
to zero cf s . 

>Thanks again!!! _ .  .- -5 . - - - 
My p l e a s u r e .  

Andre 
- - 
h d r e  Lehre  
Departrr.enc of Geology 
Humboldt State University 
Arcaza, CA 95521 

P r i n t e d  for russell-ms450700 <carnwizPminds~r~n~.cam> i 

65-15-Ql 15:24 T0:CALIFORNIA REGIONAL WATER Q / C  F R O M : 7 B 7  822 2338 



' Jacoby Cr XS4 1992-1997 
about 50 ft downstream from bridge 

surveyed by HSU G e o l o g y  531 and 550 classes 

Distance, ft 



JACOBY CREEK SUSPENDED SEDIMENT DATA 
1978 - 1979 

BY 

TOM LISLE 

REDWOOD SCIENCES LAB 
(707) 825-2930 
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11/03/79 
11/03/79 
1 1/05/79 
1 1/05/79 

2045 
2230 

740 
855 

5.097 
6.173 
3.171 
3.1 15 

289 
259 

39 
44 

127.27 
138.14 

10.69 
11.84 

falling 
falling 
falling 
fallinq 

1 
1 1/3/79 20:45:00 
11/3/79 22:30:00 

11/5/79 7:40:00 
11/5/79 8:55:00 

9.60 
11.35 
0.00 
1.25 

5.097 
6.173 
3.171 
3.115 

289 
259 

39 
44- 



JACOBY CREEK SILVICULTURAL SUMMARY 
1988 - 2000 

BY 
DOUG SMITH 

(707) 677-3 196 
das 16@ humboldt.edu 

From 
CDF Data - Coast Cascade GIs 



JACOBY CREEK Silviculture 

AREA SUMMARY S T A T I S T I C S  

By Doug Smith Intern 3/24 DO01 Compiled from CDF data tom Coast Cascade GIs. 0.00025 conversion factor 
% area Tractored 

Compaction of % equals 40% multiplied by the total area tactor yarded. 

Tractor logging can compact and disturb 40% of the logged area. Sediment discharge of 19% for each percent area logged.' Patricia Datzrnan 611978 P. 40 

Total THP area divided by the JACOBY CREEK watershed area equals percent or timber harvest plan area in the ten years. 

This watershed has 9% of the ground area compacted in a ten year period, where 20% of the total watershed area was operated on by tractors. 

This watershed has 26 percent of the area timber harvest plan activity in 13 years. 





Timber Hawest Plan Acreage 
in Jacoby Creek 1988 to 2000 

A Total Hawest of 26% 
5% - 

By Doug Smith 31261200 1 Compiled from CDF data from Coast Cascade GIs. 



Jacoby Creek THPs 

Transition uneven age CDF Coast Cascade GIs 
Jacoby Watershed 



LEGEND 
/V Roads 

Timber Harvest Plans 
Jacoby Watershed 
Watersheds 

Jacoby Creek THPs 

3y Doug Smtih 
Data Source: 
;east Cascade GIs 



JACOBY CREEK 
Yarding Method 

- . . .- - - - . . . - -. - - 



JACOBY CREEK ROADS 
In 75' Stream Buffer 



PHOTOS OF FLOODING 
AND SEDIMENTATION 
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Geomsrphic Features Related to Landsliding 
Jaeoby Creek Watershed 

8 Active Slides 1 TranslationalRotational Slide 
$1 \< ,/ Watershed Boundary 

Class 1 Streams 
. . 

. " ; ,  . . Class 2 S & e m  

u 

Disrupted Ground r Debris Slide Slope 
Roads Debris Slide 

I*\ ... .#' Public Land Survey Grid 7 Debris FlowITorrent Track 
Faultlines --- - H d o l d t  Bay 

0.8 0 0.8 1.6 Miles 

Map Composition by: Chris Trudel for the Jacoby Creek 
Land Trust in cooperation with Legacy - The Landscape Connection 
and the Environmental Services Department, City of Arcata. w*E 
Date: November 1998. s 
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Literature (most documents included) and Resources 
;h ctj,e;- &idep 

Murray & Wunner, 1980, A Study ofthe Jucoby Creek Watershed, Hurnboldt Coiinty, 
California. Jacoby Creek Canyon Conlnlunity, INC. 
Murray & Wunner, 1988, The JacoDy Creek Watershed, Past, Present, and Future. 
Natural Resources Division, Redwood Community Action Agency 
Wunner, 1996, Long Term Inlprovenzent qf the Jucol2y Creek Watershed. private paper 

These reports give an on-going account and analysis of the Jacoby Creek watershed. 

Francis, Ann, 1999, A Co~zservation Strategy.for the JacoDy Creek Land Trust, Jacoby 
Creek Land Trust 

Higgins, et al, 1992, Factors in Northern Cul!for~zia Threatening Stocks with Extirzctiorz 
Although Jacoby Creek is not specifically listed, this document illustrates the over-all 

decline of the m. Hulnboldt Chapter of the American Fisheries 
Society. Pumbold4 Bkr J tvibrctarks salmoo;dpopL/a&ns 

Sigler, 1984, Eflects of' Chronic Turlidity 0 1 2  Densit)) and Growth of Steelhead Trout and 
Coho Salmon, Transactiorzs ofthe Ai~rericar? Fisheries Society, 113:142-150, 1984 
- and also - 

Newcombe, and MacDonald, 199 1 ,  Efect.s cf Suspended Sedinzerzts orz Aquatic Eco- 
syster?Is 

Both papers discuss the effect of turbidity and SSC on fish of the North Coast. North 
American Journal of Fisheries Management, 1 1 :72-82, 199 1 

Newcombe and Jensen, 1996, Chanrlel Suspended Sedime~zt and Fisheries: A Syrzthesis 
for Quarztitative Assessi~zetzt of' Risk and In~pact 
Relates biological response to duration of exposure and suspended sediment 
concentrations. North American Journal of Fisheries Management 16:693-727, 1996 

Reeves, G.H., F.H. Everest, and J.R. Sedell . 1993, Diver.~ity of Juvenile Aizudromou.~ 
Sulnrotzid Asse/?~blage.s in Coastal Oregon Basi~zs with DiJIerent Levels of Tirnber 
Harvest. Transactions of the American Fisheries Society. 122(3):309-317 

Lisle, 1989, Sedinze~zt Transport and Kes~ltirlg Deposition irz Spawnirzg Gravel's, North 
Coast, Culi$or?~ia 

The mechanisms of sediment transport and deposition and effects of sediment on 
salmon eggs are examined. Water Resources Research, Vo1.25, No.6, Pages 1303- 13 19 
June 1989 

Lisle, 1992, Eflects of Sedinzent Trurlsport on Sun~ivul of Salnzo~zid En~hryos in u Natural 
st rear?^ 

A simulated approach of variations and influences to the spawning runs is examined. 
Canadian Journal of Fisheries and Aquatic Sciences 

L i s l e ,  T E .  ,e4 al,2000Va~icib;/;& of beat mob; 1 ;r, hcc t~ml ,  

4 rfiuel-bed ~hannek  b v d  & L l j w J e f i b  b / o ~ /  at / o ~ s /  

VUC S C ~ Q S ,  R ~ ~ O U V - C ~ ~  ~ ~ S ~ C L T C C ,  VuI. 3 b ,  NO. la, pYI, 3 7v3-37h5 



Eggers, 1987, Seasonal Fluctuatio~~s irr Food A vailubility and Feeding of Juvenile 
Steelhead Tro~rt irz a Snzall Coastal Stream 

Described are the Jacoby Creek fish habitats and the need for suitable summer flow 
rates. Also discussed is the type of water conditions needed for healthy juvenile 
stcelhead trout in Jacoby Creek. Thesis, Humboldt State University 

Hasper, 1980, Age, Growth, and Migration of Coho Saln~ori and Steelhead Trout in 
Jacoby Creek, Calijor~zia 

Life histories and the decline of coho salmon and steelhead trout are depicted. Thesis, 
Humboldt State University 

Frakes, 1989, An Analysis of Two Water Quality ProD1em.s in the Jacoby Creek 
Watershed, Cul fornia 

Gives a perspective of the public agencies roles in the Jacoby Creek watershed and 
shows the continuing problem of sediment in Jacoby Creek. Thesis, Humboldt State 
University 

Johnson, 1972, A Study of Sorlie Wuter Q~iality Characteristics and Possible Loggirls 
Ir?f7ue11ces 011 a S~~zal l  orz the North Coast oj'Califor~lia 

Data and analysis of water temperature, dissolved oxygen, pH, total hardness, turbidity, 
and flow rate are listed. Comparison between areas of logging activity and an old-growth 
forested area is shown. This is the only report found indicating the original background 
of the Jacoby Creek sediment load. Thesis, Humboldt State University 

Pillsbury 1972, Sedin~erzt Transl~ort and Streurn-JIOCV CharucteristicsJLi)r Jacol7y Creek 
Additional economic costs associated with sediment dredging in Humboldt Bay are 

analyzed. Also included are historical data, accounts concerning turbidity and suspended 
sediment concentrations, and stream impairment. Thesis, Humboldt State University 

Milelzcik, F., 2000, Jucoby Creek Erosiorr arid Sedir~ierzt Study, a paper for Humboldt 
State University 

Slides and active earth flows are roughly analyzed and quantified. 

Tuttle, A.E. and T.G. Dickert, 1987, As.sessirig Cum~rlutive I~?ipucts in Wetlarzd 
Wujersheds, Coastal Zone '87 Seattle: Amer. Soc. Civil Engineers, pg. 1760- 1774 

Tuttle, A.E., 1985, Cumulative I~rlpact ALsses,sme~zt in Coastal Wetlarzd Watersheds: 
Jacoby Creek, Hunzboldt County, Culfot-rliu, PhD thesis. Berkeley: Univ. of Calif. 

Thompson, R. W. 197 1. Recent sedinzerz ts of Hunzboldt Bay, Eureka, CA. Final rejmrt: 
PRF#789-G2. Humboldt State University, School of Natural Resources, Arcata, CA 
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i .- ,. .;:'-liJebitat nceds of salmon, trout, and char in streams vary with the season of the 
5:: i~$@!tl* and stage of the life cycle. The major life stages of most salmonid species are 
~~:''?ti%ociated h-,, ,!. :. with different uses of fluvial systems: migration of maturing fish from 
' .. j~~.~ir~.!]e.:ocean (anadromous fishes), lakes, 01- rivers to natal streams; spawning by 
,:,:;; By..: :,.. i~tlt i i ls;  +. incubation of embryos; rearing ofjuveniles; and downstream migration of 
:;.g:~:rJ~!~,cniles ..... to large-river, lacustrine, o r  oceanic rearing areas. We present informa- 

<;..- .)r..i1.;.!16n- from the literature and from our own research on the range of habitat 
&.- : ;. .2.: 
ii+:,.:qoi~ditions for each life stage that allow the various species to exist. When 
.>.. ...... -::-''?.$cissible, we attempt to define optimum and limiting conditions. Anadromous _. -_: ........ 
::;:;.:::si\lmonids .iii._.. of the Pacific drainages of North America are our primary focus, but we 
. .,. .;, -. 

i:. .-?l~iive included information on other salmonids to illustrate the ranges of temper- ..:-:. - . . .  . 

'::!'::inlure, water velocities, depths, cover, and substrates preferred by salmon, trout, ;:. _ ----.i 
::; ::nild char in slreams. The scientific names of species identified by common names *.:,.:;.. .... 
:--:?l~cr.e are listed in the book's front matter. . . .,. .:. ...... 
r. .. ,,; ;. ... 
>.r. .....: 
i;-y -.. ...... 
,-.. ...... .,.: 
+-., 2'. .. =.. 
99.- ,.:. : Upstrear~l Migratior~ of Adults 
L. .-• 

<,:. f..= - . . . .  
.k.,>- :-= . . ,.. .: Adult salmonids returning to their natal streams must reach spawning grounds 
,-. .- :.. ...... ':;:-i\l the proper time and with sufficient energy reserves to complete their life cycles. 

* .  -,.-. ,:.f<,Strean~ discharges, water temperatures, and water q ~ ~ a l i t y  must be suitable during 
r ,  ....; .. 

.;+!.<:. ,.,.,:\I I least a portion of the migration season. Native stocks of salmon, trout, and char 
:;.-!:?that have evolved in stream systems with fluctuations in flow, turbidity, and 
: -z .. c-.. , <-,temperature .. have often developed behaviors that enable survival despite the 
. . 
;:;<jgccurrence of temporarily unfavorable conditions. Native salmonids usually have 
::>>sufficient .. ,. ., . .*,.. - extra time in their maturation, migration, and spawning schedules to 
i'::;~::accommodnte ....... delays caused by normally occurring low flows, high turbidities, or  
- .  . . .  

,,-.:.:.unsuitable . .;+, temperatures. When upstream migration is not delayed, the fish in 
f:::-:. ,.. . .:. some stocks that migrate long distances arrive in the spawning areas 1-3 months 
::.'.!-.-before :. %-. they spawn. Some stocks of fish that migrate short distances may not move 
Il.j.r.into .. . ... natal streams until shortly before spawning, but thcy must often wait in the 

?.--ocean, lake, or river for flows or  temperatures in the spawning streams to become 
G.:.: ..suitable. 

>.., ,. ;-::.. .:. ;:.The flexibility in maturation and migration schedules observed in many stocks 
, L '  

of native salmonids is not unlimited and has evolved for the specific environment 

.. :. . . . 
~ ., ?- 

_i.- IJI/II,CIICPS ~/.FoI~c.II ( I ) I ~  R O I I P C ~ O , ~ ~  IVLIIIOPCIIICIII O,I .S<I/II!O,I~~ Firher ,old Tlrcir Hnbili ,~.~ 
.:-::: .American Fisheries Society Spcoinl Publication 19:83-138. 1991 .. ;..'>: 
t;:.:.. 
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Effects of Chronic Turbidity o n  Density and 
Growth of Steelheads and Coho Salmon' 

J O H N  W.  SIGLER,? T. C. BJORNN, A N D  FRED H. EVE REST^ . 

ldaho Cooperatirte Fishen' Research Unit4 
LTtll~~ersz!\. of ldaho. .Moscow, ldaho 83843 

Abstract 

Chronic turbidity in streams during emergence and rearing of young anadromous salmonids . 
could affecr the numbers and quality of fish produced. We conducted laboratory tests to deter- 
mine the effect of chronic turbiditv on feeding of 30-65 mm long steelheads Salmo gairdneri and 
coho salmon Oncorh!.nchus klsutch in straight and oval channels. Fish subjected to continuous clay 
turbidities grew less well than those living in clear water, and more of them emigrated from 
channels during the experiments. 
Received February 28. 1983 .4ccepced December 4, 1983 

Yearling and older salmonids can survive high channels, 3.7 m wide x 4.9 m long, located at  
concentrations of suspended sediment fo r  con- the University of Idaho, and (2) two pairs of 
siderable periods, and acute lethal effects gen- linear raceways, 1.2 m wide x 21 m long, on  a 
erally occur only if concentrations exceed 20,000 translucent plastic-covered area a t  the Hayden 
mg/liter (see reviews by Cordone and Kelly Creek Research Station. 
1961: Sorenson et  al. 1977). but  little is known   he four  raceway channels at  Hayden Creek 
about the effects of  turbidity o n  newly emerged Research Station had substrate arranged in rif- 
young. Many streams used by salmonids for  fle-pool configurations with large (10-15-cm) 
spawning in disturbed watersheds a r e  subject to  cobble distributed in a set pattern throughout  
chronic turbidity. Fish reared in such streams each channel  unit. A trap was attached to the  
might not grow as rapidly, o r  be  as socially fit, downstream ends of  each section (Fig. 1). Each 
as those produced in clear streams. In o u r  pa- pair o f  upper  and  lower channels was operated 
per ,  we evaluated the  effects of chronic turbid- as a test unit.  
ity on growth and densities of young steelheads T h e  oval channels consisted of two essentially 
S a f j n o  ga i rdner i  and coho salmon O n c o r h ~ n c h u s  identical units, one  above the other  (Hahn 1977) 
kisutch.  (Fig. 1). Rearing space in each channel was about 

10 m long a n d  6 0  cm wide (usable space, 6 m2); 
Methods pools were 3 0  cm deep and riffles 7- 15 cm deep. 

Ptrjsical Facilit ies Substrate was arranged in riffle-pool configu- 

We used two types of  laboratory streams to 'ation with cobble piaced in  a set Pattern 

insure that results were not artifacts of a single the substrate. A paddlewheel was 

apparatus. we conducted replicate pairs of tests used t o  maintain water velocities. Fine-mesh 

in 1978 and 1979 i n  (1) a pair of indoor oval  screen separated t h e  paddlewheel f rom the  
rearing section. Free egress from the channels 
was provided by downstream and  upstream 

I Based on a dissertation submitted by John W. Sig- traps. 
ler as partial fulfillment of the requirements for the W e  regulated turbidity, water velocity, tem- 
Doctor of Philosophy in Fisheries Management. perature,  a n d  photoperiod in the oval channels. 

? Present address: W. F. Sigler and Associates, Post Carrying capacity of each was about 30 young 
Office Box 1350, Logan, Utah 84322. fish, 30-55 m m  long, in clear water. T h e  Hay- ' Present address: United States Forest Service, 
Forest Science Laboratory, Corvallis, Oregon 97331. den Creek raceways were larger' enabling us . The U n i t  is jointly supported by of use larger  numbers  of fish, and  we controlled 
Idaho, Idaho Department of Fish and Game, and the turbidity, flow rate  (velocity), and. t o  some ex- 
United States Fish and Wildlife Service. tent, temperature.  Photoperiod was natural. 
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RIFF1 E .. -- 

0.6 M W I D E  
7 CM D E E P  R I F F L E S  
30 CM D E E P  POOL 
6.0 M* U S A B L E  A R E A  

I POOL 

B O U L D E R  PILES 

a RIFFLE TOP VlEW - 
1 M 

UPPER CHANNELS H E A D B O X  
23.4 M 

LOWER CHANNELS DRUM'SCREEN 
21.8 M 

T R A P  t-- FLOW SIDE VIEW HEAD,BOX 

FIGURE 1 .-Generalized schematic of raceu'aj channels a t  H a ~ d e n  Creek Research Station and  oval c h a n n ~ l s  a t  L'niversitj 
of Idaho shmuing the channel configurations, location of r i p e  and pool areas, and  traps. (V = ualz~e, D = drainline 
or drain, and P = pump.) 

We used clays, fireclay and bentonite, to create 
.urbidity in the tests. Fireclay used in the 1978 
.ests, largely kaolinite as determined by X-ray 
liffractograms, was distinctively different from 
he montmorillonite-based bentonite clay in size, 
:nhesion, and cation exchange capacity. Ben- 
onite clay used in the 1979 tests, as indicated 
)y X-ray analysis, had a structure that more 
:losely resembled the vermiculite structure of 
latural west-coast clays. 

Clay was mechanically dispensed to all test 
.hannels. We added fireclay as a dry powder in 

the 1978 tests, using a modified lawn fertilizer 
spreader to achieve a near constant delivery. In 
the 1979 tests with bentonite clay, we pumped 
a wet slurry into the channels through a series 
of time clocks and valves that enabled us to 
maintain nearly constant turbidity in the chan- 
nels. 

Turbidity, in nephelometric turbidity units 
(NTUs), was significantly correlated with sus- 
pended material (mg/liter) filtered from the 
water ( N T U  = 10.0 + O.l'78[mg/liter]; r2 = 
0.764) and with bentonite clay (mg/liter) added 
to the water (NTU = 5.49 + O.l62[mg/liter]; 
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TABLE 1.-Results of  turbzdi f~ tests u i f h  steelheads in two  oval channels, 1978 and 1979. Bepnning mean weightr and 
lengths for both furbid- and clear-wafer channels are based on a separate sample of 25,fish taken a! f ~ m e f i r h  were 
placed in channels. 

Fish 

Re- Mean Mean 

Test (duration) Re- ing of Length Weight Length Weight crease crease Fish/ 
Turbidity (NTUs)' leased trap test (mm) (g) (mm) (g) (mm) (g) ma g/m,¶ 

Test 1 (1 4 days) 

Clear water 299 180 32 30.2 0.25 41.3 0.63 0.79 0.027 5.3 3.9 
Clear water 305 162 27 29.7 0.26 40.6 0.62 0.74 0.026 4.5 2.8 

Test 2 (14 days) 

Turbid water (143) 100 58 35 30.8 0.26 38.5 0.52 0.35 0.019 5.8 3.0 . 
Turbid water (192) 100 63 3 30.9 0.27 35.3 0.38 0.32 0.008 0.5 0.2 

Test 3 (14 days) 

Turbid water (167) 110 71 0 31.4 0.29 
Turbid water (241) 110 61 0 31.4 0.29 

Test 4 (14 days) 

Turbid water (232) 200 147 1 27.3 0.24 ' 30.0 0.32 0.19 0.006 0.2 0.1 
Turbidwater(265) 160 121 1 27.3 0.29 29.0 0.20 0.12 0.003 0.2 0.0 

Test 5 (14 days) 

Turbid water (77) 130 90 40 29.9 0.25 35.8 0.38 0.42 0.009 6.7 2.5 
Turbid water (57) 130 103 33 29.9 0.25 36.3 0.38 0.46 0.009 5.5 2.1 

Test 6 (2 1 days) 
Clear water 110 76 23 38.2 0.44 46.9 0.84 0.42 0.019 3.8 3.2 
Turbid water (80) 110 68 24 38.2 0.44 45.8 0.77 0.36 0.016 4.0 3.1 

Test 7 (15 days) 
Clear water 120 110 8 29.1 0.21 - 31.6 0.23 0.19 0.002 1.3 0.3 
Turbid water (72) 120 105 2 29.1 0.21 34.0 0.20 0.15 -0.001 . 0.3 0.1 

Test 8 (19 days) 

Clear water 120 102 6 31.5 0.26 36.8 0.40 0.53 0.014 1.0 0.4 
Turbid water (5 1) 120 96 2 31.5 0.26 34.0 0.26 0.25 0.000 0.3 0.1 

Test 9 (17 days) 
Clear water 100 92 4 43.0 0.65 50.3 0.87 0.56 0.017 0.7 0.6 
Turbid water (59) 100 66 32 43.0 0.65 43.5 0.68 0.04 0.002 5.3 3.6 

Test 10 (19 days) 

Clear water 130 114 10 45.7 0.72 49.6 0.93 0.19 0.010 1.7 1.6 
Turbid water (45) 120 95 15 45.7 0.72 45.4 0.72 -0.01 0.000 2.5 1.8 

' NTU = nephelometric turbidity unit. 

r? = 0.926). We first created turbidities of 100- veniles were from Dworshak National Fish 
300 NTUs, but fish either left the channels or Hatchery, Ahsahka, Idaho, and coho salmon 
died. Subsequently we created turbidities most- eggs were from the Sandy State Fish Hatchery, 
ly in the 25-50-NTU range. At 50 NTUs, vis- Oregon. 
ibility was limited to 2-5 cm. At the start of each growth test, we intro- 

duced 100-160 fish into each oval channel and 
Fish and Feeding 135-1,200 into each raceway channel. Migra- 

Steelhead and coho salmon were used in the tion traps were kept closed 24-48 hours after . 

tests to determine interspecific differences in the first fish were introduced. Initial mean 
reactions to turbidity. Steelhead eggs and ju- weights and lengths were determined from a 
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.r 2.-Results of turbidity tests w i fh  steeiheads inJour racewa! channels. 1979. B e g n n ~ n g  mean wetghts and lengths 
? based on a separate sample o f 2 5 j s h  taken at t i i ne j sh  were placed i n  channels. 

Fish 

Re- Mean 

Mean size of Mean size at Mean Densit" at end 
" fish released end of rest length of test 

Enter- end in- welght 
(duration) Re- ing of Length Weight Length Welght crease increase Fish/ 

~rblditv (NTUs)' leased trap test (mm) (g) (mm) (g) (mm) (g) rn' g/rn2 

I (14 days) 27.6 0.23 

ear water 
Upper channel 950 452 357 33.5 0.41 0.39 0.012 17.1 7.0 
~ o w e r  channel 425 128 208 35.0 0.46 0.49 0.015 8.4 2.1 
~ ~ r b i d  water (48) 
Upper channel 950 636 176 31.0 0.25 0.23 0.002 8.5 3.9 
Lower channel 425 480 4 33.5 0.39 0.39 0.01 1 0.2 0.1 

t 2 (19 days) 29.4 0.22 

lear water 
Upper channel 1,200 448 498 37.1 0.56 0.41 0.018 23.8 13.4 

800 188 352 Lower channel 37.5 0.62 0.43 0.021 4.0 1.4 
'urbid water (38) 
Upper channel 1.200 913 84 33.6 0.36 0.22 0.007 14.5 8.9 
Lower channel 800 839 20 34.2 0.37 0.25 0.008 0.8 0.3 

it 3 (1 7 davs) 
:\ear water 
Upper channel 1,000 314 386 38.0 0.62 0.66 0.024 18.4 11.3 
Lower channel 700 236 540 37.4 0.58 0.62 0.023 9.9 3.6 

rurbid water (49) 
Upper channel 1,000 570 208 33.4 0.36 0.39 0.009 22.2 12.9 
Lower channel 700 263 230 32.8 0.35 0.35 0.009 9.5 3.3 

:st 4 (19 days) 37.9 0.56 
3lear water 

Upper channel 900 119 697 47.8 1.44 0.52 0.046 33.3 48.0 
Lower channel 585 14 531 46.6 1.33 0.46 0.040 5.8 4.7 

Turbid water (42) 
Upper channel 900 467 122 42.0 0.94 0.22 0.020 21.8 29.0 
Lower channel 585 345 235 41.6 0.99 0.22 0.019 9.7 9.0 

' NTU = nephelometric turbidity unit. 

,parate sample of fish randomly selected from channels peaked shortly after feeding, and de- 
le holding tank. creased exponentially until the next feeding. 
Frozen brine shrimp were fed to the fish in 

lceways in 1978 and in oval channels in 1978 E x p e r i m e n t a l  Procedures  

nd 1979. Oregon Moist Pellet of appropriate At the start of each test, fish were counted 
.ze was fed to fish in raceways in 1979. Un- into three containers: one for the turbid-water 
rressed fish took these foods readily. Food was channel; one for the clear-water channel; and 
lrovided at a daily rate of 10-15% of body one for measurement of beginning lengths and 
{eight, and was adjusted every 3-4 days to ac- weights. Fish were introduced into the channels 
ount for emigration and assumed weight gain. in two ways: ( I )  placed in a screen cage open on 
The ration was divided into three daily feed- the bottom and forced to go down into the grav- 
ngs. Food was dispensed to each raceway by el and emerge outside the box if the fish were 
land in 197 8 and by automatic feeding in 1959. near the size of emergence; and (2) poured into 
'or oval channels, brine shrimp were slowly dis- the head of raceway channels or  middle of oval 
.ributed to the channel through a perforated channels. Water in the turbid-water channel was 
lose in the substrate (Fig. 1). Food entering the usually turbid when fish were placed in the 
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cn 
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FICLRE 2.-Densit~es ot end of tests with steelheads in 
upprr and louler racma! channels with clear and turbid FIGURE 3.-Densities at end of tests with coho salmon in 

uwter, 1979. oval channels with clear and turbid wafer, 1979. 

channels. Traps that fish could enter to leave 
the channels were not opened until 24-48 hours 
after fish were placed in the channel to provide 
time for the fish to acclimate to the channels. 
Additional small numbers of fish were added to 
each channel on the second and third day of 
tests ~o help insure the channels were fully seed- 
ed. At the end of each test, fish were removed 
from the channels first-by electrofishing and 
then by killing any remaining fish with chlorine 
bleach. Fish were preserved in 10% neutral 
buffered formalin and later measured and 
weighed. 

All fish could not be accounted for at the end 
of most tests, either as having left the channels 
through the traps or as having been recovered 
at the end of the test. T h e  fate of the unrecov- 
ered fish is unknown, but we suspect that some 
died and settled into the gravel interstices. In 
any event, fish that took up residence in the 
channels and were recovered a t  the end of the 
test were the most important for evaluating the 
effects of turbidity on densities and growth. 

Results I 
Steelhead 

Oval Channels 

In our first test in 1978 to determine the ap- 
proximate carrying capacity of the channels with 
clear water, we released in each channel about 
300 fish that averaged 29.7 and 30.2 mm total 
length, and 0.25 and 0.26 g. After 14 days, 32 
and 27 fish remained in the channels (Table 1). 
Most fish that left the channel did so in the first 
2-3 days; there was little o r  no emigration dur- 
ing the last 2-3 days. Densities at the end of 
the test were 4.5 and 5.3 fish/m2, and 2.8 and 
3.9 g/m2. Fish in the channels at the end of the 
test grew an average of about 0.75 mm/day and 
0.026 g/day, if they were representative of fish 
placed in the channel a t  the start. 

We then conducted four tests to determine 
the range of turbidities we should use in growth 
tests. We placed 100-200 fish in each channel 
and then added the  powdered clay to both'chan- 
nels to create turbidities that ranged from 57 
to 265 NTUs (tests 2-5, Table 1). In tests 2-4 
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T . ~ B L E  3.-Results of turbidity tests with coho salmon in t-d8o oval channels, 1979. Bepnning mean weights and lengths 
art  based on a separate sample o f l 5 f i s h  taken at timefish were placed in channels. 

- 
Fish 

Re- Mean 

Mean size of Mean sue at lMean Density at end 
at fish released end of test leyth of test 

Enter- end In- weight 
Test (duration) Re- ing of Length Il'eight Length Weight crease increase Fish/ 

Turbidity (NTUs)' leased trap test (mm) (g) (mm) (g) (mm) (g) mZ g/m2 

Test 1 (14 days) 33.4 0.34 

Clear water 130 70 55 38.6 0.46 0.37 0.007 9.2 4.2 
Turbid water (86) 130 91 3 35.7 0.30 0.16 -0.005 0.5 0.2 

'Test 2 (1 3 days) 37.1 0.40 

Clear water 160 105 41 42.0 0.57 0.38 0.013 7.0 4.0 
Turbid water (45) 160 136 16 40.6 0.49 0.27 0.007 2.7 1.3 

Test 3 ( I  l days) 42.4 0.53 
Clear water 140 118 21 46.3 0.75 0.36 0.020 3.5 2.6 
Turbid water (22) 120 104 16 44.1 0.65 0.16 0.01 1 2.7 1.7 

Test 4 (14 days) 45.2 0.77 
Clear water 120 71 44 49.6 0.94 0.31 . 0.006 7.3 6.9 
Turbid water (31) 120 73 39 48.5 0.87 0.24 0.01 1 6.5 5.6 

Test 5 (1 5 days) 41.1 0.3i 

Clear water 120 86 32 45.4 0.70 0.31 0.009 5.3 3.7 
Turbid water (23) 120 67 40 42.0 0.58 0.13 0.000 6.7 3.9 

' NTU = nephelometr~c turbidity unit. 

with mean turbidities of 167 NTUs or higher, 
almost no fish could be found in the channels 
after 14 days. In test 2, with a mean turbidity 
of 143 NTUs in one channel, we removed 35 
fish at the end of the test. We then tested much 
lower turbidities (57 and 77 NTUs) in test 5 
and found that small fish could survive in those 
turbidities, and numbers near the carrying ca- 
pacity (33 and 40 fish, 35 mm long) would stay 
in the channels. In all subsequent tests, mean 
turbidities were less than 86 NTUs. 

We then conducted one additional test in 1978 
with steelheads to compare growth of fish in 
turbid versus clean water (test 6, Table 1). Of 
the 110 fish (38.2 mm long, 0.44 g) released in 
each channel, 23 were removed from the one 
with clear water and 24 from the one with tur- 
bid water (80 NTUs). Density at the end of the 
2 1-dav test was near carrying capacity (3 g/m2) 
in both channels and growth rates of the fish 
of the fish were not significantly different be- 
tween channels. 

In 1979, we conducted four turbidity-versus- 
growth tests with steelheads in the oval channels 
(tests 7-1 0, Table 1 ) .  In all four tests, the num- 

bers of fish remaining in the channels a t  the end 
were less than half the carrying capacity, except 
for the turbid water channel in test 9.  Because 
of the small number of fish at the end of the 
tests, comparisons of fish growth between clear 
and turbid water channels are of limited value. 
There is some evidence of slower growth of 
steelheads in turbid water versus clear water, 
but it is not conclusive. 

Racewav Channels rat 
,)I k 

Four tests of steelhead growth versus turbid- 
ity were conducted in the raceway channels in 
1979 (Table 2). In all tests, more fish stayed in 
the clear-water channels than in those with tur- 
bid water (Fig. 2). T h e  number and biomass of 
fish remaining in each channel somewhat de- 
pended on the number and size of fish released. 
In general, numbers of fish and biomass in either 
clear- or turbid-water channels at the end of the 
test were larger when larger numbers o r  larger- 
size fish were released. 

Steelheads that stayed in the clear-water 
channels were consistently larger than fish in 
the turbid-water channels and they grew at fast- 



I N1 30J UCLEAR WATER Fish that stayed in the clear-water c h a n n e  
E . 

25. DTUR~ID WATER 
were significantly larger at the end of each t e s ~  

I than fish in turbid water (Table 3) in both weigh1 
1 z 20. (F = 3 1.52; P = 0.005) and length (F = 35.09: 

I I l l i l  I 1 clear-water channels than in the turbid-water 

. Raceway Channels 

Fewer fry remained in raceway channels wi th  
turbid water than in those with clear water at 

V) the end of all three tests with coho salmon (Ts- 
a '0 
!i! ble 4; Fig. 4). Differences in fish numbers for 

cally significant (F = 1.01; P = 0.35), but dif- '. .. ferences in biomass were significant (F = 7.21 ; 
UPPER LOWER UPPER LOWER UPPER LOWER P = 0.036). As in raceway-channel tests with 

1 2 3 steelheads, ending densities of coho salmon were 
TEST NUMBER influenced some by the number and perhaps 

wafer, 1979. Coho salmon-that stayed in clear water were 

channels: final weight ( F  = 31.67; P = 0.003); the tests differed significantly (F  = 16.33; p = - . .  . . -  - - - .  - 
0.000*); and mean 0.006; and F = 19.91; P = 0.004), as did mean 

daily length gain (F = 46.61; P = 0.0001). daily length increase (F = 38.54; P = 0.001). 

I 
Coho Salmon Discussion 

Oval Channels In general, more fish stayed in channels with 
In four of the five tests of coho salmon growth clear water than with turbid water, and weight 

versus turbidity in the oval channels, fewer fish and length of both steelheads and coho salmon 
had staved in the turbid water channels bv the increased faster in clear water. In most tests, 

ferences in ending densities occurred in tests 1 reared in clear water were not always signifi- 
and 2 when the fish released were relatively cantly larger than fish in turbid water, but were 
small (33 and 37 mm mean length). In later mowing at faster rates. After longer periods of 

sities between clear and turbid water channels pre;umably would have occurred. 
were not large. In all tests, ending densities in Densities of fish in the clear-water channels, 
at least the clear-water channel were near car- although not always statistically different, were 
rying capacity. consistently higher than those in the turbid-. 
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TABLE 4.-Results of turbiditj tests with coho salmon in four racewaj channeis, 1979. Bepnning mean wights and 
lengths are based on a separate sample of 25,fish taken at fimejish were placed in channels. 

Fish 

Re- Mean Mean 

moved Mean size of  Mean size at Density at ettd 
at fish released end of  test leygrh of test 

Enter- end ~ n -  in- 
Test (duration) Re- ing o f  Length Weight Length Weight crease crease Fish/ 

Turbidity (NTUsI' leased trap rest (mrn) (g) (mm) (g) (mm) (g) rn2 g/m2 

Test 1 (14 days) 35.1 0.45 
Clear water 

314 15 153 41.9 0.75 0.49 0.022 7.3 3.5 
135 26 98 41.5 0.73 0.45 0.020 4.1 2.5 

Turbid water ( 1  1-32) 
Upper channel 314 45 86 40.4 0.60 0.38 0.01 1 4.0 2.9 
Lower channel 135 48 76 39.3 0.55 0.30 0.007 3.1 1.7 

Test 2 (3  1 days) 
Clear water 

Upper channel 600 330 53.8 1.76 0.50 0.040 15.8 25.7 
Lower channel 187 13 161 57.0 2.07 0.61 0.050 12.7 15.0 

Turbid water (41) 
Upper channel 600 215 266 47.3 1.18 0.29 0.021 6.6 13.7 
Lower channel 188 60 128 49.0 1.30 0.35 0.025 5.3 7.0 

Test 3 (21 days) 37.2 0.45 
Clear water 

Upper channel 900 19 761 44.5 0.89 0.35 0.021 36.4 32.4 
Lower channel 400 20 314 43.9 0.93 0.32 0.023 27.6 14.9 

Turbid water (49) 
Upper channel 1,000 347 578 38.4 0.54 0.06 0.004 12.9 11.9 
Lower channel 400 159 284 38.6 0.59 0.07 0.007 11.7 6.9 

' N T U  = nephelometric turbidity unit. 

warer channels (Figs. 2, 3,  4) and were some- steelheads in the Rogue River basin, Oregon, 
what smaller than those reported by Reiser and spawn primarily in streams that become inter- 
Bjornn (1979) for natural streams. Conditions mittent o r  dry in summer (Everest 1973). Fall- 
in the turbid-water channels were less desir- run chinook salmon Onchorhynchus tshaw~tscha 
able or  suitable for habitation than in the clear- and coho salmon also spawn in small intermit- 
water channels, perhaps because fish could not tent streams of the Rogue basin. Resident rain- 
feed normally or suffered stresses resulting from bow trout Salmo gairdneri in the Sagehen Creek 
the turbidity. Small fish (<40 mm) were less basin, California, often spawned in an inter- 
likely to stay in the turbid-water channels than mittent tributary (Erman and Hawthorne 1976). 
larger fish. Young salmonids live in the intermittent streams 

Larger numbers of fish emigrated from the for a few days to several weeks, after which they 
channel with turbid water than from the one migrate downstream and enter larger streams 
with clear water during the first two die1 cycles where they must compete with other fish for 
in each test. This early emigration by large food and space. 
numbers of fish is evidence that the turbidity If fish in natural streams are subjected to tur- 
was stressful to the fish. Some fish that still had bidity soon after emergence, we would expect 
a portion of yolk sac left the turbid water, in- substantial emigration. Such downstream mi- 
dicating that inability to obtain sufficient food gration could reduce production in those trib- 
was not the principal reason for emigration. utaries if the emigrants did not secure suitable 

Anadromous salmonids use many small west- habitat in downstream areas. Fish rearing in 
coast streams with seasonally intermittent flow chronically turbid intermittent streams even- 
for spawning and early rearing. Summer-run tually would be forced by declining space to 
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emigrate to downstream waters o r  perish. Those  
that did emigrate after rear ing in turbid water 
would be smaller than downstream cohorts 
reared in clear water a n d  probably less able t o  
compete for living space. Because the outcome 
of aggressive encounters usually is decided by 
size (Chapman 1962), survival to smolt for such 
emigrants would probably be  reduced. 

T h e  higher rate of emigration by fish in tur-  
bid water is in contrast t o  t h e  findings of Noggle 
(1978). H e  found a s t rong  tendency for fish to  
stay in their initial territory when exposed for  
short periods to  turbid water rather  than leave, 
even when a less adverse condition (clear water) 
was accessible. Noggle's fish were larger than 
those in our  tests and may have been better able 
to handle stress from turbid water. 

In our  study, gill-tissue damage was not readi- 
ly observable in any o f  the  fish examined until 
after 3 to 5 days of exposure to  the  test turbid- 
ities. Herbert and Merkens (1 9 6  1) observed gill- 
epithelial thickening in six fish exposed for  sev- 
eral weeks to  270 to 81 0 mg/liter diatomaceous 
earth, yet one fish surviving in 8 1 0  mg/liter 
had normal gills. Other  studies cited by Noggle 
(1978) reported no damage  t o  gills of fish ex- 
posed to high concentrations of the  type of sed- 
iment used in o u r  studies. 

In our  studies, as little as 25 N T U s  of tur- 
bidity caused a reduction in fish growth. T h e  
slower growth, presumably from a reduced abil- 
ity to feed, could be  relaced to a mechanism 
more complex than inability t o  see prey (such 
as insufficient light). Brett a n d  Groot  (1963) re- 
ported that Pacific salmon could feed at  light 
levels equivalent t o  ' /so, of br ight  moonlight 
(0.001 lux), much darker  than in o u r  turbid- 
water channels. Quality of  light may be  a factor. 
Large amounts of suspended particles may in- 
tercept the wavelengths used by fish, thereby 
reducing their ability t o  see a n d  secure food. 
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Increased pressures on o u r  
and concern f o r  the  e n v i r o r :  
past couple o f  decades has t: 
history work t o  the  f o r e f r o n t  
management a n d  impact-asse: 
Studies related t o  siting a n d  i r  
fossil-fueled, a n d  hydroe lec t l  
have become particularly p r o 1  
land and coastal waters. Couple 
in early-life-history work has  b 
of information. Still, o u r  k n o w 1  
life history o f  fish generally lag 
of adults. Much potentially vz 
tion may b e  buried forever i n  
dustry, and consulting-firm r e F  

A series of  annual  larval-fish 
evolved in response t o  the  n e e c  
and effective exchanges of  i n f c  
promote interaction among o r 1  
researchers. Beginning with a 
water-oriented symposium s p c  
power industry in 1977,  the  co 
grown t o  become major  Nor th  A 
encompassing nearly all facets  c 
tory work. Each successive, i n d  
ganized conference has built up1 
of the past a n d  expanded a c c o ~  
and contributions o f  its par t ic ip;  

T h e  Early Life History S e c t i o ~  
ican Fisheries Society has a s s u m e  
coordinating role  with these cc 
advisory committee of  present,  fc 
Lure conference chairmen a s s u r e  
of well-organized annual  conferex 
conference, t h e  eighth,  will b e  h 
1984 in conjunction with a n  I n t e r  
posium on t h e  Early Life H i s t o r  
Vancouver, British Columbia. T 
ference is scheduled for  Port  AI 
and the tenth f o r  Miami, Florida 

T h e  Seventh Annual  Larval Fis 
Was hosted by t h e  Larval Fish L; 
Department of  Fishery and  Wi ld  
Colorado State University, 16-1 9 
The number a n d  variety of  papc 
Subjects discussed, a n d  materials 1 

worked with d u r i n g  this confer1 



1 ~omment: Utility of the stress Second although the authors attempted to ~ V C  

Index for Predicting Suspended . a wide S p M n u n  of quatic animal sad plant taxz 
Sediment Effects data from relevant fish species were not considem 

(e.& nonsdrnonid fishes). Contldmng the ab& - Newcombe and MacDonald (199 1 )  present a dance of suspended sediment limm on these 
mnunrratiokduration response model intended other fish species, we are slnprised none of these' 
to be a convcfSiint tool for assessing environmen- studies were induded in their Th&'he 

r . A cf3tczs cawd by suspended sediment As a model ignores the t f f i  of additional variablar* 

[ much-needed synthesis of the available littratun normally associated with napnded &+ ... 

1 . on the impacts of suspended sediment on sd- Founh. no statistical or practical U h n  + . 
I : monid f i r h e  their work is commendable. How- adurc was performed on the mod& wen ,.: I era, as an accurate prediaive mmagmmt tool, sub runt^^^ over- or v r r m t e d  to- ; 

wt find their srrrss index model is unrcliablt. These the OM eff~cp id a high ptopaian of &::... ., 
authon conclude that their mess indq log, (con- Their srras. i n k  model f~&, to -de snffi-' 
.centmion x duration), will be useful in asscsing dently aeakte ptcdiaiom of the '6 -' 

, 
the severity of susptndsd sediment e f f v  when pentid sediment to be reliably usbh ~--- 

>A- then is a lackof either time or I T S ~ ~  to mrn- of fisb stocks (salmonid stocks in we). In 
* p k e  a d d a i  mvironmmtai assessment k u v  tiis paper, w rmca~ how a of thae p0h.o: 
; such instances arc commonplace, the appca! of an affects the uscf ibrn of the sast iodat m&' 

c%imve tool dcveioped for this purpose is obv-~ous We a h  demonstrate, through examples from om . 
T I C  snts index model is seduaivtly dmpk own rtsearcft as well as tmm the pubfished titer- ,. 

Our concerns have. becn prompted by the que- aturr. that rrliana on the mess index a t  lead 

. . 
rics of salmon sock and habitat managen and fish habitat mamgers IO suggest &appropriate pol- 
hatchery operaton in British Columbia. alarmed icies for the protenion of many fuh'stockr .-: 

ar tht e f f w  the model pitdicu for specrfic bab- Other than quannfrable metabolic, physlologi- 
.. itats We have examin@ the information reviewed cal, and lethal smsse (Table 1; ranks &14, in . 

.I by Newcornbe and ~ a c ~ o n a l d  (1991) and have Newcornbe and MacDonald 1991), ihe dative , 

found that the data were highly variable, making ranks of the effecll of suspcaded &t pn- 
the prcdiaive power of their stress index low. A p  scnted by the authon wtrr subjective and o h  
pJying a gcatral model, such as the suss index, of debatable biologml sigmknc& For aampie; 

. to a mk-speafic ptoblcm is a q x d a t i v c  pros- suspended sediment "avoidance ruprmscn (rank 
-: pea We a~yee that duration of uposun as well 2) codd'simply have npresenttd a short-tam re- - 

. as conenuation must be considered in any as- action to novel stimuli. Mrg (1983) reported that 
- susmcnt of the effen of suspended sediment on initial observations indicating such avoidana be- 

;. .-. aquatic life. However, the stress index model is havior passtd quickiy & young coho sakion On: 
unxdistically simplistic Without more detailed corhynchur !cistach. Similarfy, the "aban&WmI 
knowtedge of specific stocks and habitats than the of cover" (rank 3) may not be a detrimental 
authors imply to be necasary, heir stress index either. Turbidity may act as a form of'tow from 
model has limited usefir)nus. p~datom;ad'&g predator avoidana and feed- 

We have sevtral concerns about the paper's ing behavior of salmonids (Gegory 1990. 19g3; 
f ataMeXlt of data from the literature and the con- Gregory and Nortbcote 1993). We also s& no em- 

dusions Newcornbe and MacDonald (1991) prc- p i r i d  suppon for the ordcr of the s u b l M  and 

. . 
senred Fun mntary to =!aims in the paper, thC bhavioral edetts objavtd (m 1-9). Thafort. 

- .  sws index model cannot be used to predict un- the variance their mod;! a-untcd for (64%) 
quantifiable and :ubjmively ranked  eft^ (Table likely to have been ov-red 
1, ranks I-7;in Newcornbe and MarDonald 199 1). The s t r w  index model -an open-en&.timc . 

. . .  - The model also omits concentration and duration . horizon, which will - to d t c  4 .. 
thresholds, beyond which impam will not o w ,  impacts, According ro the model, s-dcdd- -. 

a m f o ~  many  dictions will be exagpented . iment loads as low as 5 mg-L-' o.vera *fld5 
.' . t. 

,: &. t ' ' 



a m .  

'cs of dictions of the Newcornbe and MacDonald (1 99 1 ) For example, given the abxasin chsracreMa 
. silicon partick the obsavtd e&rrs of diatoma- model w e n  umdiableatimaton of obscrnd Ir- 

aour earth war: (not surprisingly) high- than thc zponsu. At low valuer (s6), the d b s  of a ~ -  
model's. prrdictioru. Again, the presentation of pcnded vdimmt on salmonids - a d s U d Y  

. *gaxualizedu data on parride concarPation is not o y a d m u e d  (Figure 1). ~manalysir of tlremod- 
appmpriatc for indusioa'into a model purporting d residuals =@are 2) indiratrd thM depamvd 
to isolate the &cu of suspended Kdimcnt 

am common in studies on the i d u c a a  of toxins the range of dects reported in the litaaNI1: Jur- 

. .... . . I 
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FIGURE 2.-The residuals from the mess iodu model (Newcornbe and M d o n a l d  1991) calculated from data 

2 also suggms that the degtte of error inatases and Nonhcote t 982) and fteding rate (Gregory 
with the value of the stress index. We believe that ,1990; Gregory and Northcote 1993) of under- 
?he observed effms depan so frrquently h m  the yearling chinook salmon arc high in such "- 
predictions of the model that the mess index is ful" conditions. Although these 6sh arc exposed 
unreliable for management w. to numerous other environmental facton dming 
Suspended sediment loads in the Frawr River their estuarine residency, the SKCSS index mod4 

can range up to 1,050 rng-L-l (S- and Gordon is cfeariy not suppontd by these l a w  invtstiga- 
1989; Senid and Manens 1992) during the peak Lions. On the contrary, the historical evidma for 

migratory and - , 

would be d a c n t  to cause 209b monality (stms paper a timdy addition to the I i t c r a~ t  because 
index * 10.8). We have observed suspended sed- of the value of their synthesis of widely scanend 
iment concentrations grater than 50 mg.L-'.in published accounts of suspended sediment im- 
side channels w h n t  underycarfing chinook salm- pacU oa salmonid fishes. However, we maintain 
on rear for up to 2 months (Levy et at 1979: Levy that the s w  index mock1 of Newcornbe and 

% and Norrhmte 1982). E v a  in thcsc relatively MacDonald (1991) repmmts an ovaJimplifica- 
"clear" habitats, the nrrn i n k  model predicts uon of the mmpla  inrtracrion of s u p m d c d  d- 
that monality could reach 20% during such a m- iment and the biology of saimonid Ma At bm, 
idency period (stress inda  - 1 1.2). By definition, the predictions of the model Iack the vccision to 
the survivors would &o k subjected to all (or bt useful for sahon habitat manascmcnt At wonS 

.,  most) of the lown-ranw as well (e.g, neg- u n d d r n a t i n g  potential d k t s  may lead to sc- b 8 

ative growth, physiological damage. and popda- riom damage of a f f d  salmonid nodP by 
I ' 

tion decline). Howevm, both growth ratt (Levy prompting incorrm habitat management acliom 
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paarm. wason and fish s k  on acute I&ty o f  In thc past, the concmua~ion-mponx model 
. , :d a convenient cornpromix be- 

Journal Of r!shma and administrative (i.e.. regulatory) r q u i r t m m ~  and .- 
,uc xlcnas 4 a : s r H 9 7 .  our relative lack of knowledge of the toxicoi- - 

la'' Sub'- 
eff- o f s ~ d e d  h m t  u a fundon o f a -  ,--.-- -. --- ---.- ,- - , '~hKr k f sxu~ )  

) sumcndtd menu c-&,,, jo- O~F-A-  ration of exposure. However, the time-dependent 
em of suspended sediments arc now bcM un- 

s i i ~ ~ ~ ~ t d .  C. A. K L and E. 0. Solo. 1982. derslood and the conccnuatio~-rrrponst modd , 

and W h m  mastaJ seems to be somewhat dated. A comparison of the .-- . an traditional concentration-mponse model with 8 
r w  2-7364 in V. S. 

,,,,,,, ,,,,. compariroar AQdcrmc do-me model (do= - co~ccntnt ion x du- 
PRU, Toronto. ration) indicate that conctntration alone is only 

- 4 S- J. B. 1970. ~ w r c m c n t  o f p o ~ u m t  toxicity " ~ ~ L L Y  cornlad with maity of ranked effnr. 
to hrh. IL Urilidng and applying bi-Y whereas the dose is more snongiy amdated with 
Water kcarch 4 3 - 3 2  

.. . - . - -  those same effects (Newcornbe and MacDonald 
'N*mha 1991). 

bCfMll tur- 
As indicated above, the n t td  for n do-- 

ururty, p u u r v a ~ ,  -r~rupo.-. ~f the & h 
" m i l *  unllrvm Tmnuctirms of the Amai- vnx model amliable to suspen- 

is not at issue. However, in their Comment, Gq- 
[ Vim& G. L. and W. I. O'Brim. 1976. llfccu of ory et aL have raised a number of questions re- 

'Irne '*cna our article (Newcornbe and MacDonald 1991). 
L J ~ 3 ~ ~ 2 8 4 9 .  T h e  indicate k t  they have misintapmed the 

intcnt of the stress index (ST) "modelw presented 
in our origmal publication Therefon, the follow- - _  . 4 , 

w A- .loumd o f F i i  Mammnrm LM11-176.1993 ing ciiscussion is offered to chr& the o+ in- - -I 
model that was developed in the course of o m  4 Putty of the Stress Index for Predicting rnrnrch on the im- of mmndcd wdimcnxs 

arc aif- by pollution cplsodcs that have the 
Although there is general agreement that the= potential to a d v d y  a&cr fish, invtntbrateg and 

is a need for a simple mtthod to predict the ad- .aquatic pknu. Although many concans have been 
venc t&cts of suspended &at in aquatic raised in rrccnt years rrgarding the impacts of tor- 

;yvl sysmm, there is still some disagrtcment.on the ic chemicals that art reieased into these qmans, 

it 4 to rrcaprmlate the -t history dated to our are, arguably, the mon pervasive problem k h g  
undemanding of the environmcntai toxicology of aquatic mvi to~ l~~ la i t a l  Ho-, d 
suspended sediments. recently, rrstarchers in this fidd have provided 

2. The pollurion conmi mattgies used during the these managen with little practical guidana for 

rcu 1970s and 1980s m b& on the m p t i o n  making regulatory decisions. Ln the absence of ef- 
that suspended sediments would cause little or no fa-based waur quality guidelines for suspe~dcd 
harm to fish and aquatic Life at relatively low con- sedimenu. rgulatorj decisions have g ~ n d y  kea 

. cenmtians, r+gardltst of the duradon of exposure either arbitrary or based on background condi- 
to those levels. Ln tho- dam con-rntions in tions at the site In either use, it was a ~ , ~ e d  that 

CJ- 
the ordcr of 25 mg.L-1 w e n  frtqumdy acccpw consideration of concentration of suspended Jed- 

- for pollution conmi purpom as the thresholds irnents alone would provide an adequak basis for 
for advene biological effects (e.g.. USEPA 1973). protctting the environment 
The conccpt of cxmsurc duration mu not d d -  The effms ofan environmental contaminant on 
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T ~ e r p  1.-Rcvlwd ranlung of cflccu of sumdcd  aturc in auociatlon with pollution tpi& wh 
oedrmmu on fish and wrratlc lrf' suspended sediments was created. Subseq-dy, 

- R M ~  Dcwnpuoo of e l f a  each of  these e f f t  was subjrmvely nmk& in 
% -  incrusmg order of severity (considering the po- 

8.krbrJ effcctl ttnual long-term impacts associatd with each 
0 NordvmeeRccu o b s u m j  
I ~ ~ n n  rucuon endpotnt measured) to ~ n ~ v i d e  a bask for corn- . . 2 Abradonmrnr of cover paring the TWO models. The results of the r m -  
3 Avo~duux ruponr ch.np m m m w  sion analyses performed on these data indicated 

behanor 
4 Rcducuon m fccdlnl ntc 

that concentration alone was only poorly corn- 

S . b W  dcca 
latcd with seventy of effccy whereas dole (mea- 

5 Minor pbymologd merr; nt~ of or 
s u r d  as pollution intensity, mg.h.L-I) was m m  

rerplnuoa. or bob strongly comiated with ranfsed ef l ih  horn this 
6 Modmuphpologcr l  mus in format~oe  it was condudcd -&at pollution in- 

,.. 7 MobXte hrblmC WfG-I=nt 0fh-0 tensify (wGch - converted to - by . - 8 Serrrc p b y u o l w d  Poor oxd~non 
9 ~ c d d  gorrh n t ~  rrdueed n= o f d m l o p ~ n t  taking the natural logarithm) provides a much m m  

C Luhdcaan reliable tool for assessing the smaity of envimn- 
.. 10 O-2m moruirty; rncravd of p r h u o  mental & k s  of suspended wtimrrnt episodn thaa 

I I ~ M O %  monrlity, r e d d  rhc of poplluroa does concentration alone. However, the -on 
12 ~ ~ 6 ~ ~ m d t y : - ~ m d c g d u u m  equation rqxncd in this study was n e y a  meant - 13 6040% m o d t y  
14 &10096monality to be used as a predictive model to prrcisdy a- 

timate the nature and severity of &as on aqPaac - 
I 

,. - . . the pmcnce of disease organisms and orha con- 
. ; y~ .- - taminants (see CCREM 1987 for comprrfimsive 

"' summaries of the available toxicoiogicai data for 
. numerous substances). Howeva, the concmrra- 

- tion of the substance and the duration of exposure 
1 .. 
--to that substance arc probably two of the most 

. importaat factors affecting the toxicity of the ma- 
- jority of cnvironmentai contaminnnu It was sur- 

prising to see that much of the published rccad 
d u n g  to the e f f m  of suspended sediments has 

- failed to include infonnation on the dmanon of 
. exposure. Together, the available data led us to 

believe either that exposure duration was not con- 
s i d e d  to be a relevant h r  for assasing the 

' impacts of suspended Kdimenu or that thm wen 
: .* operational dii5culties associated with the collec- 

ecosystems. Indeed we apliady stated that the 
considerable v&biIity among the data in the lit- 
erature was l&ly to limit the applicability of the 
mess index for predicting precise responses of 
aquatic biota to suspended sediment c x p k s  

Notwithstanding the foregoing discrusio~~ we 
have developed a s t m s  index model for d g  
the potential impacts of suspended wtimmt poi- 
lution episodes in coldwater ecosystem. In con- 
aast to  the intcrpmation provided by Grrgory et 
al., however. this model is not rrprrsentcd by the 
&on equation reported in Newcornbe and 
MacDonald (1 99 1). Rather, h e  mesindrx model 
(as rcponed in Newcornbe 1986. 1993) was in- 
tended to idenrify ranges of pollution intmsitia 
that ~ I Z  generally assbdatd%th three broad u t -  
egories of effms in fish and other aquatic o m -  
isms, as foIlom: 

-1- tion of the required data Rtgardlm of which fac- / tors have precipitated this infonnation &deay. General ategory of 
Stress l n d a  e 5 a  apecnd 

it is our belief that the concenuatiob-rsponsc 
model impliat throughout the literature on sus- SI < 6 Behavioral cffectt 

pended scdimenu is firndamentally Aawcd. 6 s S I  12 Sublrthal dccu 
SI > 12 Llhal c5ecu 

The primary objective of our amde (Newcam be 
I and MacDonaid 199 1) was to evaluate the appli- Reliability was one of the ccntrai issues ad- 

ability of the c o n c e n u a t i o ~ n s  model de- 
scribed above. As a basis of comparison. a d o s e  
response model. consistent with those developed 
for other environmental contamtnanq was also 
described In this context, dose was considered to 
be a fuaction of both concentration and duration 
of exposure. To suppon this evaluation. a listing 
of the effcns that had been reported in the liter- 

, - 
3 ..; 

dmscd by G q o r y  ct al. For this reason, we have 
attempted to evaluate the predictive capabiliry of 
our stress index model by using an expanded va- 
sion of the database described in Newtombe and 
MacDonald ( 1  99 I). This expanded database (which 
now contains 203 ' records) includes informa~on 
on a diverse array of fish specia and endpoinu 
that src relevant to the assessment of suspended 

5 rankingsystcmhasw,t 
: equately redm the infor : ~ ~ n t a i a a l  in that databa 
: ~ t i a l q u a n t i t y o f d a ~  
. Srupcndedvdimrntilltcr 

Aprrfiminaryevaiuat : the m o d  was amdumc 
cidcna of each-catceory ( 
ranges of pollution intcas: 

i The rem~u of this eva l~  
, - iDdtr mrvGl prOv1 

prtdiEfiDgthepomtialof 
~ollotiao cpisoda of var 
hieh h & h c e  of Wvic 

' obravcd within the l o w  
&da (SI c 6); subi& 
obscrvcdontyrarrlywitt 
indim of grca!cr than 12 
S n V e d W i t h t h i g f e a ~ .  
the hddcnrn of behavia: 
(mi;& yere rrlativ 

, serrssinQLmoddprovid 
timnting the potaltial i m ~  
imcatsarithinthacm~, 
si- H o m k  both sub 
a r p e o b s c r y e d ~  tL . . 
-that them, .n 
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excrcLed in applying this 
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d i m r n t  impam (Newcornbe 1993). A revised TABLE 2.-lnadmcc of behavionl. sub~erhal. and le- 
ranking sptem h also been crated to m o e  ad- thal ~ f f ~  within the threcnngaofpollution intcnsiciu 
cquatciy refla the info-tion that is cumndy idcntificd by the stress index model. SI - ' 

contained in that database Cable 1). As such. a 
lok(conunuation x duration). 

substantial quantity ofdata is available that relates mg locldcDec (9b) of & type of dk  suspended sediment intensity to %verity of e f f i  ~oUuoon of 

A prciininary evaluation on the reliability of tuordr Beh.noml .Sublc~b.l ~crhl 

the model was conducted by damnining the in- s' < 6 
6 s SI s I2 cidcnce of mch category of effm within the thne SI , 12 

ranges of pollution intsnsiua identified (Table 2). 
The mults of this evaluation indicate that the 
stress index model provides a reliable bsuis for 
predicting the potmtial of impacts associated with should be exercised in applying the model to sit- 
pollution episodes of various intensities. A very uations outside of the range of conditions from 
high incidena of behavioral e f f m  (86.7%) was which it was developed (ie, from 7 to 300,000 
observed within the I o w S  range of pollution in- mg.L-I and from 1 rnin to 1 year). 
d t i u  (SI < 6); sublethal and lethal effects were The s t m s  index model is intended to provide 
observed only rarely within this range. At mess tcsoura and env&nmental managm with gm- 
indices of greater than 12. lethal effms were ob- era1 guidance for auesring the impam of 'sw- 
served with the grtatezt frequency (74.8%). and pended sediments in aquatic ccqmm+ In this 
the inadmas  of behavioral (33%) and sublethal context, the model provides a mvmicnt  screen- 

mess indcx model provides a reliable tool for a- sodated with pollution eplsodtJ of measured in- 
timating the potential impacu of suspended sed- &ty. When pollution intauiitics W within the 
irnenu within thee two ranges of pollution inten- lowes; range identified by the model (SI < 6).  only 

darsimau the effects of suspended Kdimmu uxldcr investigation. However, modaate and K- 
within rhe intermediate range of poilution inten- verc impacts on aquatic ecosystems a .  predicted 
sities (6 r SI 5 12). Thcrcforc, care should be when pollution intensities fill within themodtrate 

TABU 3.-Summary of mxnt information on -the e f m s  of  suspndcd sediments on undcrycarftng salmon 

_ _ __---- - 

C4bD &on 0. b c h  20 0.05 0 No in co-g hqucacy 0 1992. 
300 0.17 3.91 Avoidance bchanar 

2.460 0.05 4.81 Co- in- 
240 24 8.66 Colqhrng fnmmcy iDscucd 
530 96 10.84 Blood $1- a m a m ~ u o m  ipcrrrrcd 6 1992 

2460 24 10.99 Fa- o C m  refin 8 1992 
1.WO 96 11.47 No rnomliy 10 1991 

%&eye Ylmon 0. n d  1161 96 11.7 Body moinwe contrn~ reduced 8 1987 
2.100 96 1221 No moruliq 10 1987 
3,148 96 lL62 Truma in pll rirnvr endm1 8 1987 
8.000 96 13-55 1% momliy 10 1991 
8,100 96 13.56 5096 mortalicy 12 1991 
9.000 96 13.67 No moruliy 10 1987 
13.000 06 14.3 90% monrliry 14 1987 
17.560 96 14.34 50% rnoruhy 12 1987 
=?MI 96 14.59 50% mortal~ry 12 1991 
23.900 96 14.65 909bmodry 14 1987 
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Effects of Suspended Sediments on Aquatic Ecosystems 
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.-lbstmcr. -Resource managers need to predict effects of pollution episodes on aquatic biota. and 
suspended sediment 1s an imponant variable in considerations of freshwater quality. Despite 
considerable research. there is little agreement on env~ronmental effects of suspended sedimenr as 
a,functlon ofconcentration and duration ofexposure. More than 70 papen on the effects of inorgan~c 
suspended sediments on freshwater and marine fish and other organisms were reviewed to complle 
a data base on such effects. Regression analysis indicates that concentration alone is a relatively 
poor Indicator ofsuspended sediment effects ( r  = 0.14. NS). The producr ofsediment concentration 
( m y  L) and duration of exposure (h) is a berter indicator of effects ( r  = 0.64. P < 0.0 I). An index 
of pollution intensity (stress index) is calculated by taking the natural logarithm of the product of 
concentration and duration. The stress index provides a convenient tool for predicting effects lor 
a pollution episode of known intens~ty. Aquatlc biota respond to both the concentratlon of sus- 
pended sediments and duratlon of exposure. much as they do for other env~ronmenral contaml- 
nants. Researchers should. rherefore. not only report concentration of suspended sediment but also 
duratlon of exposure of aquatic biota to suspended sediments. 

The  effects of suspended sediments on  fish and  o n  concentration, o r  that the time frame (although 
aquatic life have been studied intensively. T h e  no t  explicitly stated) is implied (e.g., the time rc- 
available information on  suspended sediment ef- quired for eggs to develop into fry). We analyzed 
Sects has been collated and analyzed in numerous the  information available to determine which 
reviews of the literature (Cordone and  Kelly 196 1 : model  provides better predictive powcr. the ' im- 
Petticord 1980: Alabaster and Lloyd 1982). How- plicit concentration-response modcl currently in 
ever. although these reviews are  both detailed and use o r  a concentration-duration responsc modcl 
synoptic. they have not established general prin- similar to  those currently used to asscss thc cffccts 
ciples characterizing environmental effects of sus- o f  toxicants. 
pended sediments. 

In this paper. we review the available literature Data-Base Development 
in an attempt to  identify factors that contribute to 
effects of suspended sediments on  fish and aquatic O u r  search for a relationship b'etwecn I h c  mag- 

life. ~ h , ~  i n ~ o m a t ~ o n  should prov ide  researchers ni tude of  suspended sediment pollutton and sc- 
on data be collected verity of effect involved collation and analysts of 

to dc,,elop a verified of environmental relevant data  scattered throughout the litcraturc. 

, . - cffccts ofsuspended sediment. Expcriencc with en- Researchers have a diverse assOnmcnt 

- :, vironmcntal [oxicants suggests that seventy o f  ef- of For the purpose of  this  asscssmcnr. 

frequency of pollution episodes. amblent water fish. cause population reductions. or damage 

) quality. species and  life history stage affected. and the capacity of the ecosystem to produce fish. 
the presence.of disease organisms and other en- This  caregoy also includes rcductlons in pop- 
vironmental toxicants may all affect the toxicity ulation size that are believed to be caused by 
of a subnancc. Much of the reponcd w o r t  on ef- sublethal o r  behavioral effects. 
Sects of inen suspended sediments Sails to include (2) Sublerhal L.ffecrr. -Sublethal cffccts injurc rhc 
information other than concentration and an or- tissues o r  physiology of thc organism. but arc 
gantsrn's response. Apparently, many researchers not severe enough to cause death. 
In this ficld assume that effects arc dcpcndcnt only ( 3 )  Behav~oral  c:fccrs. - Behavioral effects changc 

7 2 
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TABLE I .  - Raniung of effects of suspended sediments rationale for each estimate of time and concentra- 
.on fish and aquatic life. tion are contained in Newcornbe (1986). 

Rank Description of effect Effects on Salmonid Fishes 

id > 80 to iOOoh rnonal~ty 
13 > 60 to 80% rnonaliry There is a substantial body of knowledge about 
I 2 >40 to 60% rnonaltty, se\ habitat degradation effects of suspended sediments on salmonid fishes. 
1 I > 20 to 40% r v t a ~ ~ t y  Previously published reviews (Cordone and Kelly 
10 0 to 20% rr ,ty 
9 Reductton 1w6 rates 

196 1; Sorensen et al. 1977; Langer 1980; Alabaster 
8 Ph. - . and histolo~cal L hanges and Lloyd 1982) indicate that salmonid fisheries 
7 Mc JIUI degradation can be affected by inert sediment (1) acting directly 
6 Poor .ition oiorga n 
5 Impaired homing 
4 Reduction in feeding rates 
3 Avoidance response, abandonment o i  cover 
2 Alam reacrion. avoidance reaction 
I Increased coughing rate 

activity patterns or alter the kinds of activity 
usually associated with an organism in an un- 
penurbed environment. 

Subsequently, effects were ranked according to se- 
verity of the effect on fish and aquatic life, as out- 
lined in Table 1. 

Although many articles deal with inert sedi- 
ments and fisheries, we included in this analysis 
only those containing information on concentra- 
tion of sediment in the water, length of time the 
organism was exposed to that sediment, and the 
nature of the effect. Many potentially useful arti- 
cles lacked one or more pieces of essential infor- 
mation and were therefore excluded. In a few in- 
stances, missing information was supplied by the 
author of the original article or from a second 
published source. 

Estimates of concentration and duration. or both, 
were used in some instances, but only when there 
were sufficient additional details in the original 
publication, or elsewhere, to do so with reasonable 
certainty. Many publications that provided no ex- 
plicit measure of time of exposure did include a 
sufficiently detailed account of the context and cir- 
cumstances of the pollution episode to permit use- 
ful estimates of exposure duration. In some in- 
stances, when information on the concentration 
of sediment in the water was not reported, infor- 
mation from authoritative sources other than the 
original reference was used. Typically, these out- 
side sources provided correlations that permitted 
the conversion of turbidity measurements into 
concentrations of suspended sediment. In other 
instances, authors provided additional informa- 
tion in the form of personal communications. The 

on free-living fish, either by killing them or by 
reducing their growth rate or resistance to disease, 
or both; (2) interfering with the development of 
eggs and larvae; (3) modifying natural movements 
and migrations of fish; (4) reducing the abundance 
of food organisms available to the fish; and (5) 
reducing the efficiency of methods used for catch-' 
ing fish. Tables 2 4  summarize the literature per- 
taining to lethal, sublethal. and behavioral re- 
sponses of salmonid fishes to suspended sediment. 

Effects of Aquatic Invertebrates 

Benthic invertebrates in streams can be affected 
by elevated levels of suspended sediment in sev- 
eral ways. First, many benthic invertebrates are 
grazers and depend on periphyton for food. Any 
change in suspended sediment concentration that 
adversely affects algal growth, biomass, or species 
composition can adversely affect secondary pro- 
duction. Other invertebrates are filter feeders. In- 
creases in suspended sediment levels tend to clog 
feeding structures, reduce feeding efficiency, and 
therefore'reduce growth rates or stress or kill these 
organisms (Hynes 1970). Second, invertebrates that 
inhabit exposed streambed substrates are subject 
to scouring, which can damage exposed respira- 
tory organs or make the organism more susceptible 
to predation through dislodgment (Langer 1980). 
Table 5 is a compilation of information on effects 
of suspended sediment on aquatic invertebrates. 
These data suggest that aquatic invertebrates are 
at least as sensitive to high levels of suspended 
sediment as salmonid fishes, and perhaps more so. 

Effects on Periphyton 
Effects of suspended sediment on algae are likely 

primarily related to its effect on light penetration. 
However, high levels of suspended sediment in 
conjunction with high flow rates can scour algae 
off streambed substrates and thereby reduce pe- 
riphyton biomass (Alabaster and Lloyd 1982). In 
addition, increases in nutrients or toxic com- 
pounds, or both, adsorbed on suspended sedi- 
ments can alter growth rates and biomass of algae., 
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TABLE 2.-Summary of dam (in sito observarions) on exposures to suspended sediment thar resulted in lethal 
responses In salmonid fishes. Within species groups. stress indices are arraneed in increas~ne order. For exDosure. 

ion (mgiL) and D = duration ih). 
I 

Suess I 

Ic ; 01) Effect effect Source 

Arct~c grayling 25 
23 
65 
22 
20 

143 
185 
230 

20,000 

Arctic grayling 

6.397 6% monality of sac fry 
7.007 14% monality of sac fry 
7.352 15% monality of sac fry 
7.568 15% m o d i t y  of sac f y  
7.560 13% monality of sac fry 
8.834 26% mortality of sac fry 
9.497 41% mortality of sac fry 

10.002 47% monality of sac fry 
14.468 10% mortality of age-0 

fish 
16.077 20% monality of age-0 

lish 

Reynolds et al. (1988) 
Reynolds et al. (1988) 
Reynolds et al. (1988) 
Reynolds e l  al. (1988) 
Reynolds et al. (1988) 
Reynolds et al. (1 988) 
Reynolds et al. (1988) 
Reynolds et al. (1 988) 
McLeay et al. (1987) 

McLeay et al. (1987) 

Salrnons 
Chinook salmon 488 96 10.755 50% monality of smolu I2 Stober el al. (1981) 

Coho salmon 509 96 10.797 5096 monality of smolts I2 Stober et al. (1981) 
(hrgh T"C) 

Chinook and sockeye I .400b 36 10.827 10% monality ofjuve- 10 Newcomb and Flagg (1983) 
salmon niles 

Coho salmon 1.200 96 11.654 50% monality ofjuve- 12 Noggle (1978) 
niles 

1.217 96 1 1.668 50% mortality of pre- 12 Stober et al. (198 1) 
smolts (high T T )  

Chinook and sockeye 207,000b I 12.240 100% mortality ofjuve- 14 Newcomb and F l a g  (1983) 
salmon niles 

9.400 36 12.732 50% mortality of juve- 12 Newcomb and F l a g  (1983) 
niles 

Chum salmon 97 3,9 lZb 12.847 77% mortality of eggs 13 Langer (1980) 
and alevlns 

11 1 3.912b 12.981 90% mortality of eggs 14 Langer (1980) 
and alevins 

Chinook and sockeye 82.000 6 13.106 60% mortality of juve- I2 Newcomb and Flagg (1983) 
salmon nlles 

Coho salmon 18.672 96 14.400 50% mortality of pres- I2 Stober et al. (1 98 1 )  
molts 

Chinook salmon 19.364 96 14.436 50% mortality of smolts 12 Stober et al. (1981) 
Chum salmon 28.000 96 14.804 50% monality of juve- 12 Smith (1939) 

n~ les  
Coho salmon 28,184 96 14.81 1 50% mortality of smolts I2 Stober et al. (1981) 

29,580 96 14.859 509'0 mortality of smolts 12 Stober et al. (1981) 
35.000b 96 15.027 5096 monality of juve- 12 Noggle (1978) 

rides 
Chinook and sockeye 39.400 36 15.1 45 90% mortality ofjuve- 14 Newcomb and Ragg (1983) 

salmon niles 
Chum salmon 55.000 96 15.479 5O0/o monality ofjuve- I2 Smith (1939) 

niles 
Whitefish 

Wh~rehsh 16,613 96b 14.2s' 50% monality ofjuve- I2 Lawrence and Scherer (1974) 
niles 

Trouts 
Rainbow trout ZOOC 24 8.476 5% monality of fry 10 Herbert and Richards (1961) 

7 I .  8.995 1796 reduction in egg-to- 10 Slaney er al. (1977b) 
fry surv~val 

21 1.157 10.094 6296 reduc~ion in egg-to- 13 Slaney st al. (1977b) 
fry sunival  

ZOOC 168 10.422 8% monality of fry 10 Herben and Richards ( 1963) 
90 456 10.622 5% mortality of sub- 10 Herben and Merkens (I96 1 )  

adults 
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TABLE 3.-Summary of data on exposures ro suspended sediment that resulted in sublethal responses in salmonid 
fishes. Within species groups. stress indices are in increasing order. For exposure. C = concentration (mgiL) and 
D = duration (h). . 

Stress 
Rank 

Arctic grayling 
1 4.605 Reduction in feeding rate 4 McLeay et al. (1984) 

1.008 1 1.521 6% reduction in growth rate 9 Mctcay et al. (1984) 
1.008 12.620 Physiological stress 8 McLeay et al. (19871 

300 1.008 12.620 10% reduction in growth rate 9 McLeay et al. (1987) 
1,000 1.008 13.823 33% reduction in growth rate 9 McLeay et al. (1987) 

Salmons 

Coho salmon 14 1 2.639 Reduction in feeding efficiency 4 Berg and Nonhcote (1985) 
100 I 4.605 45% reduction in feeding rate 4 Noggle ( 1978) 
250 I 5.52 1 ' 90% reduction in feeding rate 4 Noggle ( 1  978) 
300 I b  5.704 Feeding ceased 4 Noggle (1978) 
53.5 12 6.465 Physiological stress, changes in 8 Berg (1983) 

behavior 
Chinook salmon 1.5-2.0C 1.440 7.832 Gill hyperplasia, poor condition 8 Anderson. U.S. Fish and Wild- 

of fry life Service, personal commu- 
nication 

6C 1.440 9.064 Reduction in growth rate 9 MacKinlay er al. ( 1  987) 
7 5 1 6 8 ~  9,44 I Harm to quality of habitat 7 Slaney ct al. (1977a) 
84d 336 10.248 Reduction in growth rate 9 Sigler et al. (1 984) 

1.547 96 1 1.908 Histological damage to gills 8 Noggle (1978) 

Trouta 
Cutthroat trout 35 1 4.248 Feeding ceased. cover sought 4 Bachmann (1958) 
Rainbow trout 500 9 8.4 12 Physiological ill effects 8 Redding and Schreck ( 1980) 

171 96 9.706 Histological damage 8 Goldes (1983) 
Steelhead 84d 336 10.248 Reduction in growth rare 9 Sigler et al. ( 1984) 
Rainbow trout SOe 960b 10.779 Reduction in growth rate 9 Herben and Richards ( 1963) 

50' 960b 10.779 Reduction in growth rare 9 Herbert and Richards (1963) 
Trout 270 3 12b L 1.34 1 Hinological damage to gills 8 Herben and Merkens (I 96 1) 
Rainbow trout SOC 1.848 1 1.434 Reduction in growth rate 9 Sykora et al. (1972) 

5.000- 168 13.64 I- Fish survived, but gill 8 Slanina ( 1962) 
300.000 17.736 epithelium harmed 

Brook trout I Zc 5,880 11.164 Reduction in growth rate, 9 Sykora et al. ( 1972) 
reduced condition 

l OOC 1.17bb 1 1.675 Reduction in growh rate 9 Sykora et al. (1972) 
24C 5.280 11.736 Reduction in growth rate 9 Sykora et al. ( 1  972) 

a Scientific names: cutthroar trout. 0ncorh.t~nchus clarki: steelhead = anadromous rainbow trout; brook trout. Sahr/in~u!on~rnalu. 
Estimated. 
Lime-neutralized iron hydroxide. 

.d Fire clay. 
Coal dust. 

'Wood fiber. 

poorly correlated with the ranked response of concentrations and exposure times. The range of 
aquatic biota (r2 = 0.14, NS). Regression of the the product of these two variables (concentration 
natural logarithm of suspended sediment intensity and duration of exposure) is even larger, spanning 
against ranked response was more strongly cor- many orden of magnitude. To compress this range 
related (r2 = 0.64, P < 0.0 1). This analysis suggests and provide numbers of manageable size, the nat- 
that suspended sediment effects on aquatic eco- ural logarithm of the product was taken as an index 
systems can be better predicted with a concentra- of severity, which we refer to as a stress index. 
tion4uration response model developed from the The considerable variability among data in the 
available information. literature limits our ability to test the stress index 

for predicting precise responses of aquatic biota 
Stress Index to exposures to suspended sediment. Variables in 

Pollution episodes reported in the primary lit- the data include, but are certainly not limited to. 
erature span a wide range of suspended sediment species, life history stage and physiological con- 

- 
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TABLE 5.-Summary oidata  on the effects of suspended sediment on a ~ u a t i c  invenebrates. 

Stress 
index Rank 

Benthic 
~nvenebrates 

Macro 
rnvenebrates 

Benthic I 
invenebrates 

Zoobenthos 

r. 
2 Ja  0.13 1.38 1 Reduced capactty to 4 McCabe and O'Bnen 11983) c 

assimilate food C 
CC: 

8 2 . 5  2.996 Lethal: increased rate 10 Rosenberg and Wiens 119:s) Q) 
a 

of dnft -C 
53-92 14' 7.462 Lethal: reducrlon in 10 Gammon (1970) ~1 

2 
populat~on size c 

,700 7 8.132 Lethal: altentlon rn 10 Fairchild el al. (1987) CC 

community struc- E - 
lure and drift pat- = 

C; 
terns c 

10-I5 7209 9.105 Lethal: reduction ~n 10 Rosenberg and Snow (1977) E - 
standing crop - c 

Benthic 8 1.140 9.352 Lethal: up 10 50% re- I2 Rosenberg and Wiens (1978) > 
invenebrates duct~on in standing .- L 

crop 0: =r 
Cladocen. 02-39? 71a 9.745 Lethal: surnval  and I2 Robenson ( 1957): from Alabaster Q: 

reproducuon and Lloyd (1982) CI: 

harmed 
Benthic fauna 29 720a 9.947 Lethal: populations 14 M.P. Vivier. penonal cornmunl- 

of Tnchoptera. cation ~n Alabaster and Lloyd 
Ephemeroptera. (1982) 
Crustacea. and 
Molluscs. disap- 
pear 

Benthic 16 1.440 10.045 Lethal: reduction in I2 Slaney et al. ( 1977b) 
invertebrates standing crop 

Cladocera and 300-500 77 10.268 Lethal: g~l ls  and gut I4 Stephan (1953) cited in Alabaster fi: 
Copepoda clogged and Lloyd (1982) 

Benthic 32 1.440 IO.i38 Lethal: reduct~on in 12 Slaney el al. ( 1977b) 
rnvenebntes standing crop 

Zoobenthos > 100 672a 1 1.1 15 Lethal: reduction in I2 Rosenberg and Snow ( 1977) 
standing crop 

Benthtc 6 2 2.400 1 1.9 10 Lethal: 77% reduc- 13 Wagener and LaPemere ( 1985) 
~nvenebrates tlon in popular~on C 

a 
13 size v C 
4 

1 77 2.400 13.127 Lethal: 53% reduc- 12 Wagener and Lapemere (1985) C C 
llon In populatlon 
srze a 

:: 1 a 
. - Bottom fauna 261-390 720' 12.365 Lethal: reduction rn I2 Tebo (1955) 7 
. . population size 2 

Benrhic 390 710" 12.545 Lethal: reduct~on rn 12 Tebo (1955) C 
~nvenebrates populat~on size 

27s 2.400 13.4 1 1 Lethal: 80% reduc- ' I  3 Wagener and LaPemere ( 1985) - 0 
C tion in population c 

srze f 

Stream l 30b 8.760 13 945 Lethal. 40% reduc- 14 Nuttall and Bielbv (1973) t 
~nvenebrates tlon ~n specres dl- " 

d 

venrty 
Benthic i 4 3  2.400 I J.;QJ Lethal: 85% reduc- I4 Wagener and LaPemere (1985\ - 

invenebrates tlon 1n popularton ! 
size 

5.108 2.400 16 312 Lethal: 94% reduc- 14 Wagener and LaPemere ( 1985) 
[Ion in populauon 
srze 

Stream 15.000b 8.760 19.204 Lethal: reduction or I4 Nuttall and Bielby (19733 
invertebrates rliminauon of 

populations 
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Absrracr---Our mcta-&lysis of 30 published and adequauly documented rcpons on fish IZ- -;.: 
sponscs to suspended sediment in streams and estuaries has yielded six empirical cqauions that .::.. 

rkate biologicA response to duration of  expos- and suspended sediment ;oncen&on. ~ h ~ , '  7:;' 
cquations answer an i m p o & , t  need in tisherics managcmenc quantifying the response of fish $, - . 
to suspended sediment pollution of  streams and aruaria has been difficult historically, and the .; . 
lack of a retiable mcmc has hindered assessment for risk and impacr for fishes s u b j ~ d  to ex- ,;I. '.: 
sedimentation. The six equations address various taxonomic groups of lotic. Imtic. a d  cs&c . - - 

fishes, life stages of species within those goups .  and particle s i w  of suspended stdimenu. The .: . . 
- . , , , : A  - . 

equations all have the form . . - .  .. . - 7.' >: 
~ +- ..; -- 12.- . .. . 

t = a + b ( l o g i )  + d o g g ) ;  , . . 
- 1  . - , h.. i- .. ; 

.p.i:*, a: 

z is severity of ill e f f e c ~  x is duration of exposure (h). y is concentration of suspended sediment. . :;;;; - .  
(mg S S I L ) .  a is the inerccpt  and o and c are slope cocfficienrs. The scvcriry of ill effect (:) is :'<*. 
dcline3ted semiquantimtivcly along a 15-point scale on which is superimposed four "decision" ..a; 

' 

categories ranging from no cffcct through b e h a v i d  and sublethal cffccrz to lerhal cowquenca :: 
(a category t h ~  also inciudes a range of paralethal e f f m s  such as reduced growth r;ilc reduced 

. 

I fish denslry. reduced h h  population s&. and habitat damage). The study also pmvided bat .; .- f;:,: 
available esdmarcs of the onset of sublethal and lethal effecu. and it supponed the hyporhesis ' .  -4- 
that susceptible individuals arc affected by sediment doses (conccnnation X exposure duration) 

.- 

lower than chow at which popuiauon responses un be delrcted Some sper iu  and Life stages- >.. ' . 
show "ulLrascnsitiviry" to suspended sedimenr When tested against d m  not included in the 

: - 
analysis. the cquations were robust. They demonsmu chat me=-andysis can be an important to01 ,-, , ..:. . , 
in habitat impact assusment , ,  r:: . . 

I _ , .  . 

While it is now g c n e d y  accepted that the  se- for sediment and aquatic organisms have been lim- 
verity of effect o f  suspended sed imen t  po l luuon  ltcd In several ways. f irst .  initial analyses"wtrr 

on fish ~ n m a s e s  as a function of  s ed imen t  con- based on pooled data (Newcornbe 1986; ~ e w e m -  
centration and durarlon of exposure. o r  d o s e  ( the  be  a d  MacDonald 1991). Second  the 

product of concentr ; ldon~and exposure  t ime) .  at- available for  those anaiyses embraced a wide &;. 
, tempts to document  the dose-response re la t ionship  onomic range from phytopianbon to &;Th@. 



PUH RESPONSES ': 
. . .  

. . d. -. 

which is why chete &gly disp- eff= 
a n  grouped tognhcr in h h i d y .  ma 
bmam the e x m m a  d nil eff- md l W %  mc 

Nokbanmleffma ~ l i t y .  we rvumcd for nuucrling purpascr tha~ t 
severity-of-ill effccu (SEV br - " sqa i ryW)  S= 

mnagm address l d ~ s e d i m c n t  p m b l e q  (Greg- represents pmponiond differrnctr in true cfia 
. We now inc- d l  f ad ing  -0- 

che c f a u  of sublcchai e&crr. and we,? fbz boar 
modd MacDonald and Newcornbe ( 1993) e x m -  s0blah.l en- tmwm shn-renn UUI long-tam' i d m i c  

.- : ed and adyitd data for juvenile salmon from the 4 S b o n ~ ~ h r  feadinrrmn: in fceding succaa u 2 h In p d ?  lepans 
long-term disruption of feeding enamp 
800 b and more. We mmidcr 9 f d g  r r d n n i c  
to be s u b l e W  effeen (PnLu f d g  F$f 
can be linked to slow g o d  when we r ' ' 

Y pan iuha l  effcnr) b c ~ u u e  &y. da;- -i 
cfiange in fish beharia thur rrduad a**ii 
of food and reduced v h a l  h w g  n n g r  

Along che S N  sale, WiUI drmaec nn: 
sible for ill e f f w  (Newcornbe 1994). We have fmm mod& to sew& )LbiaK d.rmsc 
~ d c n o r c d  to meet this need and present a mar- LaMdpnhMdan 

Icl.)yric s p b a i s  of dose-resporue dara in ~ -parbra: 
-@ hrchmF. p.pr l ruofu as this rueacb pmvidu new un- 
-6.b- 

denanding of cbanncl sediment irnpaco. it lerdr 10 G109 Imrplir): 

' to dionrrion of pocendal changes in the merhodr -I=-== 
-tOvrssh.biuld- d gods of quaaticarive impam a u a s m e n r  Spe- 

I I > z o - r o L ~  
~ i 8 d y .  the r a u l u  (i) suggac cbe need to change 12 --=% 

' tk mahodr of dau collmion for environmcrrral I3 M n u m ~ i i  
>BO-Irn rnrolk, ' tar* mformnenr  (ii) demonmrtc  b e  value of l 4  

meta-adysis a~ a rararch &rhod in 6 I a i a  1977b: Cederholm u,rL 1981). dunage to 
' lubb impact -smear and (iii) pmmpc an ex- m n m  (Newcomb and Fl.gg 1983: bfcxUC 

PTUS~II of concern about land use p m x i c u  and posure dun t ion  (1-35.000 h). Except whm ic re- aL 1984). m d  loss of hbiw (Menscl a .L 15 
Colu  et d. 198.31. Biophysical rnrnifaarion 

broadly to include dose. panicle size. and o h m  u c ~ s  SS arc rcponed (in one rypical 
potenrial conrnbuton to sacss  on fisbu. In most M i r a t  degradation clm~ reduca the rd.dve : 

Thi~  sNdy is based on 26.1 &la vipleu con- cases. data on panicle shape u d  mughnas i n l  
S d f  of (i) suspended sediment c o n c e n m o n .  on water rempenrurr were lacking. 
( i i )  h a o n  of exposure. and (iii) severiry oi ill 
~ f f -  for Rsbes. T h a e  dau were -0 from a Smcn~-Qj-lll-&fifl Scale 
mt8phensive li temure review (Newcombc As before (MacDonald m d  Newcombe 1993: 
1994: Newcornbe et al. 1995). Suppoving dauex-  Newcornbe 1994) and in a neuly idcndcd way. 
meted fmm the review included t u o n o m i c  p u p .  we scored qualimtive m p o n s e  data along a semi- 
spcdcr of Rsh. n a ~ d  hinory, life history phue. quandcative a h n g  scale (Table 1). Suprnmpo~cd 
md odimcnr p.ruclc size m g e .  on a IS-potnl S d c  (0-14) w m  four major c l M  

We define dose as ~~~huon of suspended of effect: ( i )  nil cffecr (ii) behavionl effects. (iii) 
wdimcnt (SS) u r n u  d u r a o a  oiexposum: dose hu sublechsl e f i ccu  ( a  category rhu dso  includes ef- 
h e  miU mg sS.h.L-'. The loganrhrn of f c a ~  such u shon-tcnn mducnon in feeding SuC- d, 1 m ) .  (iv) d d  s u e  of z o o k n h i c  
do= h termed the s m s  index (Newcornbe 1986. c u r l .  and ( iv)  Ielhd effecu (d im1  monali~y. ur ukdocu (Gunman 1970; Rosenbug a* -C 
1% Newcornbe and MxDpnaJd 199 1: MacDoa- i u  parJlcrtul surmgalcr--teduccd re- 

- 



- - 
modeling purposes hf rhe non o r  both). or anywhere beween  these cx- 
SEV for "wvcrity"1 scale Severe habimt damage has been described by vu -  

tn be snblahal effects (unless feeding rcducuons state-somcdma as long s 15-20 y u n  (cSd- 
RIB be 1 . a  to slow p u n h  when we orat them mated) after :xtcnsive coal mining (Vaughan a a 1  

of food and n d d  visual hunting m g c .  hab~ ta t  damage is a m a w  of d e p  h a t  s d l l  has 
Aloag the SEV stale, habilar damage m g c s  not been delinesrrd e x d y .  Sevcrc babica damage 

mmt of tr; lditiod spawning habitat (Hamrlton in Table 2.) .4 pollut~on event chat results in the 

- & w o n  of spawning habitat (Slaney ct d. were a small poruon o i  rhe r o d  available. On the 
19m: Gdrrho lm ct al. 1981). damage to habitat other hand. chronic or acute SS pollunon fhat- 
structure (Newcomb and ffagg 1983: .Menzcl et es subsranrial d u c u o a  in the size of rivcnne fLch 

Corn  ct 11. 1985). Biophys~cd maa i fn r~uons  of 1981) should be considered to rcprrwnr "wvem" 

ess and 

ducc the snengrh of an cnnre y e a r - c k  
Habiut dc@uon u n  be rnfcrrcd by i i i  cvl- Habiut damage is a valid description of rhe 

3 scrnl- result of incrcsed scdirncnmuon: J. h p c m c r c .  more life sugcs of a Ash's life cyclc. A g c - s ~ 1 6 c  : . - 
Univmlcy of ~1;uka.  pcnond  commun~cationl. morb~diiy and r n o m i ~ r y  n rc s  ZT fundamend to . ,' 
(i i)  a v o i h c c  bchanor by fishes (Suchznek el d. thc nooon of habitat damage. For c x m p l ~  hablut - - 

:dcs ci- 
1984a. 19Wb). (iii) d u c c d  abundance of insects damage may manifest ~lsc i f  ;ls foregone oppanu- 
and reduced quality of  r u n n g  habltac (Slaney ct niry for fish lo use a portion of a smam. W u d  

I# suc- 
al. 1977b). (iv) d-cd srzc of zwDcnlhrc p o p  sultabiliry of habiut could rcsull in incrrrccd aRe- 
ukoonx (G-on 1970: Rorenberg and Snow specrfic morb~dicy and m o ~ r r y  racer or both. de- 
19T7). ( Y )  mjuced uulity of spawnlng habitat pending on the iocus and rncrhods of a s d y .  Hat- 
(Hamilton 1961). (vi) delayed h c h i n g  (Schubcl rut damagc, ulcreiore. should be s e n  u an rc- 
md Wang 1973). m d  (vii) disruption of homing cumulanve musure  of numerous (potendally ua- 

. . . . ,: 
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d duntion of upsam. Balb uumx uu are expressed 

range of logrvirhmic v d u u  rcpruenud by a mw 
or a column in Lhc figures is nppmllimstdy h e  
value = 0.4999 in iogarilhmic uniu (cake mtiiog- 

,.,. . 
$3 for d dre, six dur lpo-ups ax presented as accompanying confidence v d u a  rn one-half the I 1 1 3 1  l l l l L I U  

:$'he 8- in the cells of dose matrixes 93% confidence ~ n u r v d s  ~ u n d  L 
. - .  . ;:-, I I .Hov, ( . . o m  

f;,:.--k n conkaa t ion  of suspended sedi- Cclk of r muix  chu conrain h form a duucf I- . . .,m {,:$"PJ- ad W o n .  of upawe (pmel A of h e  of "populated" cells. The i m r ~ l u r y  "right-rrring" , - .  I - .. . .. . 3 . . W L  
. -. . .i...:, . !: 6- fa @ pup). Muirnum possible dunuon polygon chat maim- dl the populued cells tn ,.. ',,- .. . , 

k . ' : o l ~ h & u k x i s 4 8  ... months(lo~[hounl a murix is the "dur envelop" Typidly,  same 
!: {$;-ld4999& All but &s of tba nuuixes show a cells within a d a  envelop .rr unpopulud For \ji;m paible suspended sediment concen- prrdicdve pwpusu  values a assigned to l hae  
;+,.-a: 9 268.337 mgR (lob(mg. S S h l  = celk by inrupolman. Empry ccUs ouuida he en- 
' ~ ~ ~ ~ @ . 4 9 9 9 j : . l l m a c c p d o d ;  a n u r i n e  fishes- velope are given v d u a  by umpolujon. l a t e r p  .:.: . 
j. ~k ;hrdrmn p o ~ l b l a  v o l l i o r r  of 729.4 16 [*on8 considaed to lure great- inainric re- .,. ' ' 

~-*,~fllt ~ f l O & g  SSR) = 13.4999).. , . ., lilbiliry cb.n ~fplpol.dons h u e  they tau be 

. . .  ,, . 
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Adul! Sahonids 
Mutt salr 

[)rparjon of exposure 
.. .. - .. 

1 3 - - -  - - 1 4 8  
12 10 - - 
9 - - .  
9 10, - - 
1 0 -  - -  

3 -pzJ- - - 

H&Q5% d e n =  
a m d  calolhtai smerit~+f+i 

, Average empirical severity-of-illzffen dam for 

shaded zones without and wrh  bordm). 
The iull rnavix array of severiry scams predicted 

' R d b  . 'A 
by model I (Table ?. Figure IB) shows mgular 

~osbmpoms &Alr fined be empir,cll incn=es ofrcspanse intenstry withstdimcnt dose. 
d m  mq - .U highly s i m t [ i ~ n t  ( p  < 0.01) expected. Predicted rhrcsholds of sublethal and 

a . r r o ~ t e d  fq 55-709 of be veanccs fiblc  lethal ef fecu ( r emeed  diagonals) hove similar on-  
3). A v a g e d  @& dp. on which b e  models en"flOns to rhore inferred from ernpiricd d a m  bur 

, M b u e d  ue &played in'prnel A of Figures I -  *CY genenlly occur at higher sediment doses. 
-. --. 

i 6- Panel -B of .figaru.',l-6. gives the. model-gen- . F % ~ ~ ; ~ Z - C O O ~ I  
,. . -.. 

. . : "u v .(.?d. d d m c e  i n m a l s )  for Group I :  Adulr Salmonidr . . .. .: - .  , ad.&, of Ips $oie&p- numxcl. Thesc Gmup 3: Juv;nil; SaLnwnidr . . ..  Cmt 
- p h  pm*ida of;lodr-up W l a "  suimble Group 2 dam fill 36 widely scarrered cells of rhe . . 

" far Bcld &c in imp.n &a s u p r i m p o ~ e d  143 available in [he empirical rnamx ( R g m  LA). Avenge sevenry+f~effecr scores far gmup 3 611 

Oa th'cm ale prcQcled &?ahddi of sublethal and The f h n h o l b  of e f f m  predicted by t n d e l  . 37 cells. most of h e m  clurtercd u exposure du- A 

In 2 (Table 3: Figure 15) arc similar to b e  empin- *- , nlions of I h a d  2 d to 7 w e e k  (Figure 3A). AS d n  
%- ,' 

(he cally i n f m d  Uucshold (Figure 9). butprtdicted . -_.  d u l t  salrnonids. predicted hmbolds (d man 
de- sublethal effecu emerge at slighdy lowersdirnenr -. - .  1: Trble 3; Figure 38)  were sirmLu to cmpi r id  cluS 

doses lhrn implied by cmpincll d u  ; %hol& for l u h J  effccu but Iowa uun n n p b  Sub 
-a S W o n u  for rubluh.l  e f f a x .  . ,, '. . . : piric 

. . .: . . 
'. . a .  

. i  
. .  ... . . , . , %, ;. ,' 

, -. . .-. 
[-. ',:;::. ,::w<*'t ' :e. :. ' .. , '.!.'. 





Juvenile Salmon& 

sevwy-of41Ceffed s a n s  (empirical) 

- - - - . -  

13 - - - 
8 - , - .  -. 

9 - - -  
- g -.- 
- - ' . Q  -. 
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Eggs and Larvas of Salmonids and Nonsab-nonids 

. - - - - - - . -  

9 1 1 1 0 -  - - - - 
1 2 1 2 1 1 -  - - - - 
9  12 11 13 12 13 .  -, - 

conris~nc w~rh the range of ill effe&ov p u -  
of Jechal raakmgs-pdicted by the models. There 
on rcrulu wncy acknowledge the mlc of uau red- 

gc- irnenc e x p o s ~ u d o r l a r l y  concwnarion and 
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Dtsration of q m w e  

- - - - -  
- - - - -  
8 - - - -  . . - .- . . . 

- - - - - -  

F I O ~  5.--Con~~n - Physic4 evidence about rhc nuurr: md re. avoia 
"&V of the ill c f f ~ ~ .  This new w r y  10 w e  -.+en 
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NEWCOMBE AND lENSEN - FISH I W ~ J N S E  

Adun Fmnwafer Nonsalmonids 

. . . . Dtaratien of e: 

y o m c i g h  rhe direct ef- required. In some jurisdictions. water quality mi- 
(Rynoldc et d. 1989). reria may be used to identify porencial episodeJ 

arc k i n g  developed (Kondolf and 

could be u d  in place o i  or In 

graphic -* ,arc invduable 

(~ingleton 19858. 1985b). This wndem syncm of 
brcsholds-based on lirmnrr; revlcws specifi- 
cally intended to document b e  nature m d  sever- 
ity of ill effect under there conditionr--is corn- 
mendable because it rccogniza Ihe seasonal pat- 
terns in suspended sediment load of n m n l  
sacamr. However. rhuc  guidelines do not purpo" 
to deal widr b e  iahcrenr nature of  sediment a 
deleterious substance in aquadc efosvsunu as 
defined by an XI of legirladoa. Nor do they pur- 
pon to d e t m  [he l c u t  change in c~ncencntion 
capable of causing ill cffecu. Various ~ ~ ~ v c h c r s  
repon ill effects wbca concenrntlons exceed 

b8ckgmuad levels by s d l  MounIS (s Law 
rencc m d  S C ~ W  1974: Svcoson.1978: Gndal 
and Swenson 1982). - - .  ., ; 

b ~ c u r i o n  based on drJe hu 
C t ~ ~ f u l  because the inmaed c o n c m t d 0 ~ - '  - 

. bown ro harm aquadc lil; S@ eridenc 
, abounds. but pertains l@y lo in- PF 
. ulalioas (fish food) aod pnrmry pmcfDco00 ( p h ~  









V t n V  of ill e f f m  for juvenile sllmonlds (frcahwatcr w u p  
dunuon of exposum (model 3): .- - 0.7262 0.703.q  low^ 

-. 
, . .  

effect a biologitu *ould d o  well to adopt this or some 
Ih s e v e d  similar panicle grade scale. 

The importance of panicle mgulariry. especially 
:::,:'1981.' 1991. 1992). Funher work should make it in relation to gill abruion.  should be smdicd. Thc 

mineralogy of sediment panicles may offer clues 
ro the porential for toxictry and physiolonicd ef- 
fecn. Likewse. che presence of innate or adrobed 
roxicanu may offer clues to la~enr effecu on i s h  
pop~lal ion healrh. S ~ d i e s  of the mineralogy and 
potential chcrnicd acriv~ry of the panicle ,weif. of 
p u r i c l c ~  in the colloidll  sire m g e  capable oi  en- 
rering the fish's cells. u d  of p b c l e s  with ad- 

ils sci- sorbed t o x i c m u  m y  r r v d  common prnpcnies 
sand. relating to face and ill effect at h e  t luue znd cel- 

for- lular level. If common pmperuer do exist among 
ws: Ihese particular variables. here  may be a unifying 
.O- explanadon in h e  phenomenon of phgocyrorls. 

d. Phagocycosis. the enveloprnen~ of tine pmrc lu  
IL by cells ,of the fish's d l  and g u ~  m r p o r u  the 

panicles inro the fish's body. Although h u e  pU- 

.. ,.. - 
. . . . . .  ...,. . -j ... 

FIGURE I0.-0ors-rrrpoarc rPkcc ~ b &  mc rap: 

n o d m a n i b  l f i r thwsrs ~d esraina. gnap 4) u I foam 
of expasun (model 4): ; -,3.7466 + I.-) + 0 3 1 :  

. ,  . . .  . .  - *- . . . . -2 . -.- 
t i c l a  may end up in varioui &a. Ihe spleen is so 
a major repository. The spleen, of some fishes rh 
exposed to fine diedimmi become minaatircd to an 
the extent rhir the tissue dvna~p rhe cumin# edge dc 
of Ihe g l au  mimcome blades (Goldes 1983; S. ho 
Goldes. Malaspina College. prnolul communi- or 
cation). Thus. phagocyroris of b e  r~upcnded d- bo 
imentr could v igga  a sequence of harmful CVenK n r  
within the cells of a rish's body lading to iU c f f e c ~  of 
that am only partially undcmood today. Invuive in 
pudcles  may be the biological equivrlcnl of 1 TTD- P I C  
jan hone: harmless when on ouu idc  drru- cs 
[Bung *en on the inside. Tnmmigcnai i  es- 
pecially among grouad6sh dut dwell in hrrbon EC' 

where sediments may be conrjmdnutd by nonn- 
w a t a  runoff or by industrial efUuent. may be one -rr: 
such larent ill effect yer to be W to lhis pba 1' 

,.: . ,  . nomenon. " -,.;. . ...:. . ~ l r h  

Warar r e m p + m r u r ~ . 4 e v e r i ~  of ill cffea u r pac 
function of mbiern water t e r n p u m n  ou@!o be rice 
e x p i a d  mom fully. UI C ~ ~ C C X S  m,ip wr- ~c 

. r . ' . I  
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